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AZULENES AND RELATED SUBSTANCES. PART V*,-cycloPENTENO- 
cycloHEPTANONE-4 


By SuKH DEv 


An improved procedure for the preparation of cyclopentenocycloheptanone-4 is described. This 
consists in the hydroxylation of 49:10-sctalin to yield trans-decalin-g:10-diol, which on glycol cleavage 


with Criegee’s reagent, followed by intramolecular ring-:losure by formic acid, affords the desired pro- 


duct in an overall yield of 52-59% based on the octalin. 


cycloPentenocycloheptanone-4 (V, 4-9x0-4°*-octaliydroazutene)* is-an important in- 
termediate in the synthesis of azulene and of its various derivatives, The first synthe- 
tic. proof of the presence of the- bicyclo-(o.3:5)-decane system in azulenes was furnished 
by the use of this compound (Pfau and Plattner, Helv. Chim. Acta, 1936, 19, 858; 
Plattner and Pfau, ibid., 1937, 20, 224; Anderson and Nelson, J. Amer. Chem. Soc., 
1951, 78, 232). Since cyclopentenocycloheptanone was required in connection with some 
projected syntheses in the azulene series, a detailed investigation on its preparation 
has been carried out. 


Hiickel and co-workers (Annalen, 1929, 474, 121;-1933, 505, 274) were the first 
to prepare this bicyclo-ketone by the treatment of cyclodecane-1#6-dione (IV)! with acid 
or alkali. Later workers have prepared this compound esseutially by the method of 
Hiickel with some refinements. 


The starting material for this sysnthesis is A®?°-octalin (Ig @f;the yarious methods 
for i.s preparation ‘Elsevier, “Encyclopaedia of Organic Chemistry’’ 1948,-Vol. 12B, 
76, Amsterdam) those utilising 8-decalol (I) are the most convenient. It has been shown 
earlier by Hiickel and co-workers that dehydratiog of 8-decalol (mixture of all the four 
isomers) with zinc chloride gives a mixture of octalins, from which the A**"°-jsomer can 
be isolated through its solid blue nitroso-chlorid@ Linstead. et al. (J. Chem. Soct, 
1937,/1136) showed that when dehydration was carried out with a mixture of phosphéric . 
acid and its anhydride, the main product=w was the A®-octalin,: ‘The method has been fu 
ther modified by Campbeli and Harris (J* Amer. Ghem. Soc., 1941, 63, 4721) apd this 
has been employed by Anderson and Nelson (loc. cité) in oonsiéction ivith the prepaiation 
of azulene. This, in fact, is the ideal procedure for the preparation of-this octalin in large 
quantities. Further study has now revealed that it is-not necessary to employ such a 
large excess of phosphoric acid for dehydration. Table I shows the properties of the 
various preparations of A®*-octalin. In one experiment (Prep. 4) the final treatment 
with P.O, was omitted, but the initial time of treatment with H,;PO,-P,0; was increased 
from 5 miuutes to one hour; the product appcared to be comparatively impure, but never- 
theless could be employed as such for the next step with littte change in the yield of the 
glyco!. Figs. 1-3 illustrate the infra-red spectra of the preparations No.1, 2 and 3, 


* respectively. 
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TABLE I 
A?®:!°_Octalin.* 


Method of preparation. a. Yield of nitro 
so-chloride 


Regenerated from the nitroso- 1.4980 0.9156 
chloride { 


Campbell and Harris method 1.4950 0.9100 
Do (less H,PO, used) 1.4950 0.9100 
Do (less HyPO, used 1.4930 0.9145 
and treatment with P,O; omitted) 


* cf. Linstead, Wang, Williams and Errington, loc. cit., p. 1139. 
** Mp calc. tor CygHye {7 ,43-5). 
+ By the method of Hiickel and co-workers, loc. cit. 
The infra-red curve for preparation No. 3 was completely identical with that 
paration No. 2. 
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AZULENES AND RELATED SUBSTANCES 


oN L™ 
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110 


67-70% ae 
{11J) Pb(OAc)* 
{ 


ie te /\/ — ™N HCOOH (87%) (oo 


50-84% Vi 
WAN WA Y“\ a based on (IIT) oF 


O () 
(VI) (V) (IV) 


From A*:!.octalin the 1:6-cyclodecane-dione (IV) has been prepared by the standard 
hydroxylation-glycol cleavage sequence. Previous workers prepared it by the ozonolysis 
of the octalin in aqueous acetic acid (e.g. see Plattner and Hulstkamp, Helv. Chim. 
Acta, 1944, 27, 211). Ozonisation has some inherent limitations as a preparative method 
(e.g. cf. Roberts and Sauer, J. Amer. Chem. Soc., 1949, 71, 3925). In the present case, 
Anderson and Nelson (loc. cit.) found it undesirable to ozonise more than 40 g. of octalin 
at a time us the optimum yield (45%} was adversely affected. Hickel and co-workers 
(loc. cit.) isolated 6-ketosebacic acid and cyclopentenocy-loheptanone from the reaction 
mixture. It was thought desirable to investigate the alternative route, as shown sche- 


matically above, for the purpose on hand. 


Hiickel et al. (loc. cit.) prepared the trans-decalin-9:10-diol (III) by the cautious 
oxidation of octalin with CrO, in glacial acetic acid at the temperature of solid COy. 
For the preparation of this glycol in quantity, the reaction of the octalin with performic 
acid (Swern, Chem. Rev., 1949, 45, 1; also cf. Cope, Fenton and Spencer, J. Amer. 
Chem. Soc., 1952, 74, 5884) appeared to be the most promising. The reaction of 
A*©_octalin had been reported previously only with one per-acid viz., perbenzoic acid, 
when the epoxide was obtained (Hiickel et al., loc. cit. Nametkin and Glagoleva, 
J. Russ. Phys. Chem. Soc., 1929, 61, 535; Ber., 1929, 62, 1570); its hydration with 
dilute sulphuric acid is reported to furnish a mixture (?) of glycols. A**-Octalin on 
treatment with performic acid, followed by hydrolysis of the crude formoxy-hydroxy 
compound, yielded the pure trans-decalin-g:10-diol (III) in 65-70% yield. In spite 
of the several variations, examined with a view to increasing the yield, no improvement 
could be effected. Perhaps; the use of 90% H.O, will prove better (e.g. cf. English 
and Gregory, J]. Amer. Chem. Soc., 1947, 69, 2:20} and it is hoped to investigate this 
point when the materials will be available. 


Criegee (Annalen, 1936, 522, 93) has reported the oxidation of the cis-diol with 
lead tetraacetate and has isolated the dione {1V) in 66.6% yield. As a result of the 
present study a procedure has been worked out, by which the trans-glycol is oxidised 
with crude lead tetraacetate in benzene. Since, besides the dione, the other possible 
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major by-product can be (V), it has been found most convenient to cyclise the crude 
dione directly to cyclopentenocycloheptanone-4 (VY). Various reagents have been re- 
commended for this internal aldol-type of condensation (Hiickel and Schnitzspahn, 
loc. cit.) but details are available only for the procedure involving aqueous Na,CO, 
solution (5%) which entails a steam-distillation, followed by a lengthy continuous 
extraetion with chloroform (Anderson and Nelson, loc. cit.). It has been established 
now, that the cyclisation of the crude dione can be readily carried out by a simple 
treatment with 87% formic acid and the unsaturated bicyclic ketone {V) isolated in 
80-84% yield based on the glycol. This amounts to an overall yield of 52-59% based 
on (I1) and compares favourably with the yields {43.2%) reported for the best procedure 
involving ozonolysis ‘Anderson and Nelson, loc. cit.). 


In the literature (Elsevier, loc. cit., p. 435; Hiickel and Schnitzspahn, loc. cit.) 
the cyclised compound from (IV) has been represented by {V) or (VI). However, from 
the ‘nechanism of its formation, which must involve an internal aldol condensation of 
the 1:6-dione (IV), followed by dehydration, it is apparent that the structure ‘(V1) is 
unlikely. The ultraviolet spectrum of ‘the compound, as reported by Hickel and Schnitzs- 
pahn (Amex 250mpz, log K, 1.9), isin good agreement with the value (Amax249mp) required 
for the structure (V) calculated on the basis of Woodward rules (J. Amer. Chem. Soc., 
1041, 68, 1123; Fieser and Rajagopalan, J. Org. Chem., 1948, 18, 800). It is interest- 
ing to note that the addition of the carbanion to the carbonyi can take piace in such 


a way as to give either a cis-8-keto-alcohol (VII) or the trans-isomer (VIII), both of 
which are strain-free [cycloheptane can have two strainless conformations, “‘chair”’ 
and ‘‘boat’. Out of these the ‘“‘chair’’ is more staggered, consequently the “chair’’ 


form should be the preferred consteliation of the molecuie ‘ci. Prelog, J. Chem. 
Soc., 1950, 420; Barton, ibid., 1948, 340; Aston, Schumann, Fink and Doty, J. Amer. 
Chem, Soc., 1041, 68, 2029). It can accommodate either a cis- or a trans- fusion of 
a cyclopentane ring without any strain]. If cis-aidol were the intermediate, dehy- 
dration would have been difficult urider these conditions (ians-elimination), and 


a OAS 


Cis - trans- “Chair” “boat” 
(V//) (vii) 


it is very probable that the trans-8-keto-alcohol (VIII) is the intermediate. 
However, it is not unlikely that the cis-aldol (VII) can be the intermediate under 
certain experimental conditions, in which case it should be possible to isolate it. 


This work is on hand. 





AZULENES AND RELATED SUBSTANCES 


EXFERIMENTAL* 

A*_Octalin (I1}.—8-Decalol (supplied by Deutsche Hydrierwerke Aktiengesells- 
chaft; 154 g., 1M) was dehydrated by a mixture of P.O; (154 g.) and H,PO, (85%, 
308 ml.) essentially by the procedure of Campbell and Harris (loc. cit.). The steam 
distillate containing the dehydrated material was treated with sodium chloride (roo g.) 
and the upper‘layer carefully separated and dried over active silica gel (15 g.) over- 
night. This product, without any distillation, was treated with P,O, (36 g.) as des- 
cribed by Campbeil and Harris. ‘The P,0; should be added with swirling to the 
cold octalin, then stirred and heated; if the pentoxide is added to wari octalin, caking 
will occur). The octalin, thus obtained, had b.p. 150°/235 mm., 155°/285 mm., yield 
115 g. (8,-85%) 

For the purpose of obtaining comparative data on the yield of the nitroso-chloride, 
each sample of octalin was treated as follows (cf. Hiickel et al , loc. cit.). 

A mixture of octalin (4.03 g., 0.03 Mj, undistilled iseamyl nitrite ‘5 ml.) and 
glacial acetic acid ‘5 ml.) was chilled in an icc salt bath and treated with hydrochloric 
acid (A.R., 5 ml.) dropwise during 15 minutes with stirring. The mixture was stirred 
in the ice-bath for another 10 minutes and then set aside in the bath for half-an-hour 
more. The product was filtered off, washed with cold ‘-10°) ethyl alcohol (3 ml. x 2), 
pressed dry and then allowed to dry overnight {13 hours) at room temperature (26°); 
samples 2 and 3, each, gave 4.22 g. of the crude nitroso-chloride, m.p. 83-90°, whereas 
the sample No. 4 yielded 4.2 g. of the product, m.p. 81-88°. For purification the 
crude product was mixed with acetone (15 ml.), just heated till clear and allowed to 
stand at room temperature for 3 hours; the blue prismatic needles were filtered off, 
washed with acetone (5 ml.) and dried (m.p. 92°) and weighed (see Table I). (Found: 
N, 6.97. Cale. for C,,H,,ONCI: N, 6.94 per cent). 

trans-Decalin-g:10-diol {I{I).—-To a mixture of formic acid (90%, 426 ml.) and 
H,0, (27%, 158.6 ml., 1.2 M) the octalin (142 g., 1M) was let in during half-an-hour with 
thorough stirring (modified Hershberg stirrer). The temperature was maintained at 


45° +,° during the addition aud afterwards, first by cooling and later warming. After 


the addition, the reaction mixture was warmed and stirred for another six hours 
(sometimes the solid hydroxy-formoxy compound ciystallised out) when it was left 
aside at room temperature (26°) for 20 hours. (There may still be a small immiscible 
layer). The product was diluted with water (1 litre), sodium chloride {300 g.) added 
and well mixed ; an oil separated which soon solidified and it was left aside in the ice-chest 
for several hours and the product collected, washed once with water and pressed dry. 
The crude hydroxy-formoxy derivative, thus obtained, was hydrolysed by adding 
it to an ice-cold solution of NaOH ($0 g., 2 M) in water (150 ml.) with cooling (ice-bath) 
and stirring; the mixture was next stirred at room temperature for half-an-hour and 
finally at 75°-80° for another 20 minutes. The reaction mixture was next diluted with 


* All me'ting and boiling points.uncorrected. For the calculation of Mp, data taken from 
Weissberger, ‘Tech. of Org Chem.”, Vol. I, Part II, pp. 1163, New York. Analyses by Mr. B. R. 


Seetharamiah. ‘The infra-red spectra have been taken with a Baird spectrograph (NaCl prism); 2% 
solution of the hydrocarbon in CHCl; was employed. 
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water (750 ml.) and after several hours the crystalline product filtered off, washed 
with water and roughly dried yield, ca. 145 g.). This was transferred to a flask, 
suitable for the distillation of solids, along with some CCl,,which was removed from a 
water-bath, later under vacuum; this helped in rapid drying of the material which was 
then distilled off. (It is necessary to use a large receiver, weil cooled in ice and the 
side arm of the distillation flask should go deep inside the receiver and the distillation 
should be rapid. Under these conditions, no difficulty will be experienced during the 
distillation). The glycol distilled at 115°-120°/4 mm., m.p. 80-84°, yield 110-119 g. 
This was used as such for the next step. 

It crystallised from aqueous acetone (2.5 ml. of acetone for every g. of the glycol) 
in white prismatic plates containing water of crystallisation, m.p. 95-96°. (Found: 
C, 63.4; H, 10.6. C,oH,,0., H,O requires C, 63.8; H, 10.6 percent). A_ recrystallised 
sample was distilled under vacuum and the distillate (m.p. 89-90°) further purified 
by subjimation at 100°/685 mm. under anhydrous conditions, when white prismatic 
needles, m.p. Sg-90°, were obtained. (Found: C, 70.0; H, 10.6. C.,HisO. requires 
C, 70.6 ; H, 10.6 per cent). 

cycloDecane-1 :6-dione (IV).—Dry benzene ‘600 mi.) was placed in a 2-litre, 3-necked 
flask carrying a Hershberg stirrer and a reflux condenser. Benzene was well stirred 
m.p. 80-84°) was added; another 200 ml. of the 
Tn this way undissolved 


and molten glycol (102 g., 0.6 M; 
solvent was used for washing in all remnants of the glycol. 
glycol was left asa finely divided powder. Crude lead tetraacetate {292.8 g., 0.66 M; 


Fieser, ‘“Experiments in Organic Chemistry’’, New York, 1941, p. 436) was then 


introduced at room temperature 22°) and in 5-6 lots during 14 hours at suitable inter- 
vals. The reaction was slightly exothermic. After the addition, the reaction mix- 
ure was stirred for another 23 hours and finally refluxed for 30 minutes and then left 
overnight (as a matter of convenience). Any excess lead tetraacetate was destroyed 
The precipitated lead acetate was filtered off and washed 


by adding some g! yccrol, 
‘The combined filtrate and washings (practically colorless} 


with benzene (70 ml. x 4). 
were washed with brine (100 ml]. x 4) and from the wct solution the solvent was stripped 
off through a short Vigreux column under slight vacuum. The residue ‘iight orange) 
solidified completely on cooling to a crystalline mass, yield 103 g. This was cyclised 
directly. 

In one experiment using redistilled glycol (1.7 g.', pure lead tetraacetate ‘4.8 ¢., 
0.011 M) and thiophene-free benzene ‘50 ml.), the cleavage was carried out only at room 
temperature (3 hours) and then worked up as above. The crude dione [1.7 g.) was 
crystallised from ether, m.p. 99-100°, yield 1.2 g. Plattner and Hulstkamp (loc. cit.) 
gave m.p. 100° 

cycloPentenocycloheptanone (V).—‘The crude dione from the above experiment 
was treated with formic acid (204 ml.,87 %). ‘The mixture was immersed in a boiling 
water-bath for 30 minutes and was occasionally shaken. It was then allowed to stand 
as such at room temperature for 1 hour more and the dark reaction mixture poured 
into water (goo inl.), extracted with petroleum ether (120 ml.*2) and the extract 
washed with water (150 ml.). The combined aqueous parts were saturated with NaCl 
and extracted with petroleum ether (7o ml. x3). The mixed petroleum ether extracts 
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were washed with brine {120 ml. x2) and dried (Na,SO,). The solv.nt was removed 


through a column and the residue fractionally distiiled, b.p. 117°-119°/9 mm.; n”™, 


1.5240; yield 75 g. (83.3% based on the glycol). 

An analytical sample was prepared by refractionation through a semi-micro column, 
b.p. 106°/4.2 mm.; n*", 1.5260; d,”’, 1.030; Mo. 44.70 (calc. for C,,H,,O!F: 43.52; 
EMp, 1.18; Ep, 0.78). 

The 2:4-dinilrophenylhydrazone (HCI inethod) after two crystallisations from ben- 
zene was obtained as dark red, shining prismatic needles, m.p. 247-48° (decomp.). 
Cope and Holzman 'J. Amer. Chem. Soc., 1950, 70, 3062) give m.p. as 250-52° ‘decoimp.) 
(corr.). 

The author is grateful to the National Institute of Sciences of India for the award 
of a Senior Fellowship. 

DEPARTMENT OF ORGANIC CHEMISTRY, 


INDIAN INSTITUTE OF SCIPNCE, Received May 12, 1953. 
BANGALORE-3. 
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STUDIES ON CLERODIN. PART II 


By D. N. CHAUDHURY AND PARESH CHANDRA DutTTA 


The infra-red absorption spectra of clerodin and desacety!clerodin and the ultraviolet absorption 
spectrum of clerodin have been studied and the conclusion drawn from the study of these spectra is in 
conformity with the earlier observations of the present authcrs, based o1 chemical evidences. 


The eight oxygen atoms in the formula C,,H,.O,, assigned to clerodin (Chaudhury 
and Dutta, this Journal, 1951, 28, 295) were accounted as follows: two in the ester 
(—O.CO.CH;! grouping, four in hydroxy: groups, and the remaining two, in the absence 
of any alkoxy or carbonyl group, in ether linkages. ‘The unsaturation of clerodin was 
deduced from the usual qualitative tests and the absence of keto group, from the failure 
of clerodin to react with Brady’s reagent. ‘The infra-red absurption spectra of clerodin 
and desacetylclerodin, now studied, clearly support these views (Chaudhury et al., 
loc. cit.). 

No characteristic absorption for clerodin has been recorded in the ultraviolet region, 
that is between 225 and 300 mz. Curves for infra-red spectra of clerodin and desacetyl- 
clerodin are shown in Fig. 1. 

Infra-red Absorption Spectrum of Clerodin (graph I).—This was run in chloro- 


form solution and the [following conclusions have been arrived at: 


(a) Absorption at 3600 cm™ is due to hydroxyl group, but the intensity is so low 
that ordinarily it would have been rejected had there been no chemical evidence to 


‘support the presence of hydroxyl groups (Chaudhury etal., loc. cit.). The hydroxyl 
groups, it now appears, are strongly associated and as such the O-H bond vibration is 
not very strong; consequently only a small peak is obtained. , 

Intra-red absorption spectrum of desacetylclerodin has, however, been helpful to 
explain this small absorption at 3600 cm™' ( ide infra). 

(b} Strong absorption at 5.8u shows the presence of carbonyl, ester groupings etc., 
because :C:0 bond vibration gives vibration at this region. Since —O.CO.CH; has 
shown up at 1380-1450 cm™' (cf. Norman Jones, Coie and Nolin, J. Amer. Chem. Soc., 
1952,74, 5662) the confirmation that the absorption at 5.8u is solely due to —O.CO.CH; 
and not due to keto group in clerodin, has been obtained from the studies of infra-red spec- 
trum of desacetylclerodin ‘vide infra). 

(c) Strong absorption at 6.17—6.18 shows the presence of unsaturation in the clero- 
din molecule and it is quite possible that there may be more than one ethylenic linkage. 
Since ultraviolet did not show any peak between 200 and 300 map, the ethylenic linkages, 
if there be more than one, are not conjugated. Hydrogenation experiments on clerodin 
in presence of Pd-C or Adam’s PtO, catalyst (Chaudhury and Dutta, loc. cit.) gave 
either gummy products or intractable mass, but noticeable absorption of hydrogen 


together with the usual qualitative tests for ethylenic linkage clearly showed the presence 
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of unsaturation, as aiready pointed out. A quantitative hydrogenation experiment might, 
however, be helpful to ascertain the number of ethylenic linkages. 

(d) The ‘Finger-print’ region, 8.6-12u, does not seem to indicate anything in parti- 
cular except that at first inspection it appears that there is a possibility of the presence 
of aromatic nucleus in clerodin, but this cannot be said with any certainty due to its 
failure to show up in the ultraviolet region. 

Infra-red Absorption Spectrum of desAcetylclerodin (graph I1).—This was run in 
nujol mull since it was almost insoluble in standard organic solvents used for infra-red. 
However, comparing with nujol blank the following conclusions have been arived at: 

(a) Absence of absorption in the region of 5.8 and 8» clearly shows that there 
is neither :CO nor —0.CO.CH, group in desacetylclerodin and therefore clerodin does 
not contain a functional keto group except —O.CO.CHs. 

(b) The O-H stretching band is pronounced due to the removal of —U.CO.CH, 
group from clerodin molecule, and the double peak at 2.854 and 2.99 is due to the con- 
ventional hydrogen bonding of one of the OH hydrogens with the neighbouring oxygen 
atom (cf. Kuhn's studies, Abstracts, XII International Congress of Pure & Applied 


Chemistry, 1951). 
(c) The unsaturation :C=C: in both clerodin and desacetylclerodin is confirmed 


since the infra-red spectra of both show strong absorption at 6.17-6.184. 
(d) The common band near 9.2 in clerodin and desacetylclerodin suggests the 
presence of ether linkage. presumably aliphatic in nature, because aliphatic ethers show 


up at 1080-1180 cm™’. But the .existence of ether linkage in presence of —OHF can- 
not be deduced with certainty since C-O stretching band of C—OH shows up with intense 
absorption in regions between g and rop (cf. Rosenkrawz, J. Amer. Chem. Sec., 1953, 
75, 903). 

Further, from a comparison of the two graphs it is rather difficult to reject the 
presence of an aromatic nucleus altogether, although its failure to show up in the 


ultraviolet appears to be more in favour of its absence in clerodin. 

The authors wish to express their thanks to Mr. Tapan Mukherjee of the Wayne 
University, U.S.A. for the measurement and some suggestions on the interpretation of 
the infra-red spectra. 

CHEMICAL LABORATORY, 


L. S. CotneGe (FORMERLY G. B. B. CoLyecr), 
MUZAFFARPUR, BIHAR UNIVERSITY. Received May 4, 1953. 
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STUDIES IN CATALYTIC DEHYDROGENATION. PART III 


By SuRESH CHANDRA SEN GupPTA AND DHIRENDRA NATH CHATTERJEE 
The syntheses and catalytic dehydorgenation of 1:2:3:4:5:6:7 :§-octahydroanthracene-2 :2-spiro- 
(2’-mettylcyclopentane) and 1:2:3:4-tetrahydro-6 : 7-cyclopentenonaphthalene-2 :2-spiro-(2’-methylcyclo- 


pentane) have been studied. On catalytic dehydrogenation the former gives 4’-methyl-1 :2-benzanthra- 


cene and the latter gives a hydrocarbon which seems to be r-methyl-6 :7-cyclopentenophenanthrene. 


In continuation of our previous work on the syntheses and catalytic dehydrogena- 
tion of spiro-hydrocarbons with a methyl substituent in the spiro-cyclopentane ring 


(this Journal, 1952, 29, 43%; 1953, 30, 27) we have now synthesised the spirans 
1: 2:3:4: 5:6:7: S-octahydroanthracene-2 : 2-spiro-(2’-methylcyclopentane) (IV) and 
I: 2: 3:4-tetrahydro-6:7-cyclopentenonaphthalene-2 : 2-spiro-(2’methyleyclopentane) (1X) 
with a view to studying the behaviour of the methyl group present in the spiro-cyclo- 


pentane ring during their catalytic dehydrogenation. The spiran (IV), when heated 


with Pt-C catalyst at 300°-330°, undergoes smooth dehydrogenation attended with ring 
transformation giving a good yield of 4’-methyl-1: 2-benzanthracene (V), the formation 
of which can be explained on the assumption that the spiro-cyclopentane ring under- 
goes fission away from the methyl group (across the dotted line) and the side chain so 
formed undergoes cyclisation and dehydrogenation forming a benzanthracene derivative. 
The spiran (JX) on dehydrogenation with Pt-C under similar conditions gives a hydro- 
carbon ‘m.p. 87°}. From analogy with our previous observation on the dehydrogenation 
of the spirans having a methyl substituent in the spiro-cyclopentane ring, it can well 
be assumed that here also the fission of the cyclopentane ring takes place away from the 
methyl group with the formation of an intermediate which undergoes angular cyclisation 
and dehydrogenation leading to the formation of 1-methyl-6:7-cyclopentenophenan- 
threne. Thus, in both the cases we find that the methyl group present in the spiro-cyclo- 
pentane ring is not eliminated during dehydrogenation; it remains intact. 

The two spiro-hydrocarbons were synthesised by an extension of the method follow- 
ed in PartI of this series (this Journal, 1952, 29, 438). The anhydride of 2-methyl- 
cyclopentane-1-carboxy-1-acetic acid condensed with tetralin in cold nitrobenzene solu- 
tion in presence of anhydrous aluminium chloride affording a single keto-acid which 
has beeu proved to be +@-(2’-methylcyclopentane)-8-(2-tetroy]l!-propionic acid (I). The 
formation of trimellitic acid by oxidation of this keto-acid with alkaline permanganate 
solution proves the linking of the keto group to the position 2 of the tetralin molecule. 
The presence of -CO-CH,- grouping in the keto-acid follows from the observation that 
it gives a pyrylium salt with salicylaldehyde in presence of dry hydrogen chloride. 
The keto-acid (I) on the Clemmensen reduction gave “2-(2’-methylcyclopentane)-y-(2- 
tetralyl)-butyric acid ‘I1), which on cyclisation with 85% sulphuric acid affords a good 
yield of the spiro-ketone 1-keto-1:2:3:4:5:6:7:8-octahydroanthracene-2 : 2-spiro-(2’- 
methylcyclopentane) (III). ‘That a linear cyclisation takes place has been proved by 
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its oxidation to nsenamnegen acid. The nia ketone (IIJ) on the Clemmensen reduction 
gave 1'2:3:4:5:5:7:8-octahydroanthracene-2 : 2-spiro-(2’methylcyclopentane) (1V). 
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In a similar manner, the spiran, 1 :2:3:4-tetrahydro-6 :7-cyclopentenonaphthalene- 
2 :2-spiro-(2’-methylcyciopentane) (IX) was synthesised starting from hydrindene and 
the anhydride of 2-methylcyclopentane-1-carboxy-1-acetic acid. The  keto-acid first 
formed has the structure (VI) ; this has been proved by its oxidation with alkaline per- 
manganate to trimellitic acid and by the formation of pyrylium salt as in the case of 
the keto-acid (1). This keto-acid on the Clemmensen reduction gave xx-2'-methylcyclo- 
pentane)-y-(5-hydrindyl)-butyric acid (VII) which on cyclisation with 85% sulphuric 
acid gave a good yield of 1-keto-1 : 2:3 :4-tetrahydro-6 : 7-cyclopentenonaphthalene-2 : 2- 
spiro-(2’-methylcyclopentane, (VIIL). The structure of this iiuear cyclisation product 
follows from its oxidation to pyromellitic acid. The cyclic ketone on reduction by the 
Cleminensen method gave the desired spiran (IX). 
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STUDIES IN CATALYTIC DEHYDROGENETION 
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EXPERIMENTAL 


11-(2' Methylceyclopentane)-8-(2-tetroyl)-propionic Acid ({).—Powdered aluminium chlo- 
ride (52 g.) was added slowly to a solution of the anhydrite of 2-methylcyclopentane- 
1-carboxy-1-acetic acid (33.6 g.), tetralin (26.4 g.) in dry nitrobenzene (150 c.c.), cooled 
in ice. The mixture was kept in an ice-bath for 6 hours and then at the ordinary 
temperature for 12 hours, after which it was decomposed with ice and HCl. Nitro- 
benzene was removed in steam. The product obtained as a light brown solid was 
dissolved in hot dilute sodium carbonate solution and the solid keto-acid separating on 
acidification of the alkaline filtrate was collected, dried and crystallised from giacial 
acetic acid. After recrystallisation from methyl alcohol, it was obtained as cubes, m.p. 
130-31°, yield 12g. (Found: C, 75.8; H, 8.1. CisH.sO; requires C, 76.03 H. 8.0 
per cent). 

Pyrylium Salt of the Keto-acid.—A mixture of the keto-acid (0.1 g.) and salicylal- 


dehyde (o.1 g.) in absolute ethanol (10 cc.) was saturated with dry HCl at o°. The 
mixture which gradually became deep red was kept in arefrigerator. After 3 days 
crimson-red precipitate of the pyrylium salt appeared, which was filtered, washed with 
alcohol and dried in vacuum. It was readily soluble in alkali and did not melt up to 


290 

Oxidation of the Keto-acid (1).—The keto-acid (1 g.) was dissolved in 5% NaOH 
solution {100 c.c.} and heated on the water-bath with excess of KMnQ, solution. After 
the excess of KMnQ, was destroyed with ethanol, the filtrate from the precipitated 
manganese dioxide was acidified with hydrochloric acid and evaporated to dryness on 
a water-bath. The solid residue was repeatedly extracted with dry ether, the solvent re- 
moved and the residue crystallised from HCl (conc., charcoal) and identified as trimellitic 
acid, m.p. 214°. 

x2-(2 -Methyicyclopentane) -y-(2-tetralyl)-butyric Acid (I1).—x2-(2'-Methylcyclopen- 
tane)-8-(2-tetroyl)-propionic acid (I, 10 g.', amalgamated zinc (40 g.) and HCl (cone., 
40 c¢.c.) were gently boiled tor 36 hours with the addition of toc.c. more of acid after 
every 6 hours. The product was extracted with ether, the solvent distilled off and the 
oily residue was purified by extraction with hot dilute sodium carbonate solution, preci- 
pitation with hydrochloric acid and subsequent distillation under reduced pressure. 
The butyric acid came over at 230°-232°/4 mm. asa highly viscous liquid which readily 
solidified on trituration with petroleum ether. It crystallised from petroleum ether 
(b.p. 60°-80°) in long colorless needies, m.p. 110-12°, yield 6 g. (Found: C, 79.5; H, 
9.0. C,H, requires C, 79.7 ; H, 9.1 per cent). 
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1-Neto-1: 2: 3: 4: 5: 6: 7: 8-octahydoanthracene-2: 2-spiro-(2'-methylcyclopentane) 
(I1I).—The foregoing tetralyl-butyric acid (II, 7 g.), H.SO, (conc., 21 c.c.) and water 
(7 c.c.) were heated in the steam-bath for 14 hours with stirring. ‘he product was 
poured on ice, extracted with ether, the etler extract washed with aqueous ammonia 
and then with water, dried with sodium sulphate and the ether distilled off. The residual 
semisolid mass was purified by distillation under reduced pressure. It distilled at 200°- 
205°/3 mm. asa viscous oil which slowly solidified in the receiver. The spiro-ketone 
crystallised from methyl alcohol in iong needles, m.p. 80-81°, yield 5g. (Found: C, 
84.9; H, 8.9. CipH2,0 requires C, 85.07 ; H, 8.9 per cent). 


Oxidation of the Spiro-ketone (II1) —A 5% solution of KMunQO, was added in 
gradually increasing instalments to a suspension of the cyclic ketone (1 g.) in 5% caustic 
soda solution until the reduction became exceedingly slow. It was then gently boiled 
under reflux with excess of permanganate solution, the excess of which was destroyed 
with addition of little ethanol. The filtrate from the sludge of precipitated MnO, was 
concentrated to a small bulk and acidified with HCl. From this solution pyromellitic 
acid was isolated and purified according to Read and Purves (J. Amer. Chem.. Soc., 
1952, 74, 118). It was adjusted to py 10, and while hot, it was mixed with an excess of 
hot BaCl, solution. The insoluble Ba salt was collected, washed with water, dissolved 
in 10 parts of hot 3N-HCI and decoinposed with calculated amount of 3N-H,SO,. The 
filtrate from the granu‘ar precipitate of BaSO, was concentrated to a small bulk when 
the acid separated. n crystallisation of the acid from nitric acid and finally from water, 
it was obtained as long colorless needles, m.p. 280° and was identified as pyromellitic 
acid. 

1:2:3:4:5'6:7:8-Octahydroanthracene-2 : 2-spiro-(2'-methylcyclopentane) (LV).— 
The foregoing spiro-ketone ‘5 g.} was gently boiled with amalgamated zinc (20 g.) and 
HCl ‘conc., 20 c.c.) for 36 hours with the addition of ro c.c. more after every 6 hours. 
The product was extracted with ether, the ether extract washed, dried and distilled 
when it came over at 185°-190°/3 mm., as a liquid which slowly solidified on cooling in 
ice-water. It crystallised from methyl alcohol in needles, in.p. 67-68°, yield 3 g. ‘Found: 
C, 89.5; H, 10.3. CisHo« requires C, 89.76 ; H, 10.24 per cent). 


Dehydrogenation of the Spiro.hydrocarbon (1V) with Pt-C Caialyst.—The spiro- 
hydrocarbon (3 g.) was heated with 10% Pt—C catalyst (o.3 g.) in a metal bath at 290°- 
300° for 6 hours and then at 300°-330° for 6 hours more when no further hydrogen was 
liberated. The yellow solid dehydrogenation product was thoroughly extracted with 
hot benzene aud the solid Jeft after removal of benzene was distilled over sodium under 
reduced pressure. The light yellow solid distillate (1 g.) was crystallised from benzene 
and fiaally recrystallised from absolute ethyl alcohol in pale yellow thin flakes, m.p. 197°. 
(Found: C, 94.3 ; A, 5.7. C, H,, requires C, 94.22 ; H, 5.78 per cent). 

The hydrocarbon responded to the colour reaction of 1:2-benzanthracene derivatives 
(Cook, J. Chem. Soc., 1930, 1092). It gave a crimson solution with yellowish green 
fluorescence in concentrated sulphuric acid. On gentle warming, the colour became 
purple and then bluish green. 
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The picrate, formed of the hydrocarbon, when treated with picric acid in benzene solu- 
tion, crystallised from benzene in deep chocolate needles, m.p. 147-48°. (Found: 
C, 63-5 ; H, 3.7-  CzsHi70,N, requires C, 63-7 ; H, 3.6 per cent). 

The trinitrobenzene complex was prepared from the hydrocarbon. It crystallised 
from absolute ethyl alcohol in deep red needles, m.p. 167-68°. (Found: C, 66.02 ; 
H,3.6. C,s5H,,O,N; requires C, 65.9 ; H, 3.7 per cent). 

The quinone was obtained when a solution of the hydrocarbon (0.1 g.) in acetic acid 
(4¢.c.) was boiled for 4 hour with sodium dichromate fo.2 ¢.). After recrystallisation 
from acetic acid, it formed silky yellow needles, m.p. 220-21°. (Found: C, 83.7; H, 4.4. 
CioH,.0, requires C, 83-8; H, 4.4 per cent). Cook, Robinson and Goulden (J. Chem. 
Soc., 1937, 395) record the m.p. of 4’-methyl-1 : 2-benzanthracene as 194-95° and that 
of its quinone as 219-20". 

aa-(2’-Methylcyclopentane)-8-(5-hydrindoyl)-propionic acid (V1) was prepared from 
hydrindene (23.6 g }, anhydride of 2-methylcyclopentane-1-carboxy-1-acetic acid (33.6g.-), 
nitrobenzene ‘150 c.c.) and aluminium chloride (52 g.) according to the procedure 
followed in the case of the keto-acid (I) derived from tetralin. It crystallised from 
benzene-hexane mixture in colorless needles, m.p. 151°, yield 25g. (Found: C, 75.3 ; 
H, 7-6. (CisH,.0; requires C, 75.5 ; H, 7-7 per cent). 

The semicarbazone was obtained by.heating the keto-acid with semicarbazide acetate 
in methyl alcoholic solution for 6 hours. After distilling off the alcohol, the residue 
was triturated witha little pctroieum ether when the semicarbazone was obtained in a 
crystailine state. It crystallised from aqueous alcohol in fine needles, m.p. 162 63° 
(decomp.). (Found: C, 66.4; H, 7.45. CisH..0,N, requires C, 66.5 ; H, 7.3 per cent). 

Pyrylium salt of the keto-acid (V1) is a crimson-red powder, soluble in dilute sodium 
hydroxide and does not melt up to 290°. 

Oxidation of the keto-acid with alkaline KMn, solution and isolation of the pro- 
duct were carried out exactly as in the case of the keto-acid (I). The oxidation product 
had m.p. 215°, same as trimellitic acid. 

za.(2’-Methyleyclopentane}-y-(5-hydrindyl\-butyric Acid (VIL).—The preceding keto- 
acid {20 g.) was gently boiled with amalggmated zinc (80 g.) and concentrated hydro. 
chloric acid (Soc.c.) for 36 hours. The product was purified as in the case of the acid 
(II). It crystallised from petroleum ether (b.p. 60"-80°) and finally from methyl! alcohol 
in needles, m.p. 121-22°, yield 12 g. (Found: C, 79.1; H, 8.6. C,sH,,0. requires C, 
79.4; H, 8.8 per cent). 

1-Keto-1 :2:3 :4-tetrahydro-6 :7-cyclopentenonaphthalene-2 : 2-spiro-(2'-methylcyclo- 
pentane) (VIII).—-The foregoing hydrindylbutyric acid (7 zg.) was cyclised by heat- 
ing with "85% suiphuric acid (28c.c.) at 100°. It came over at 180°182°/3 mm., asa 
somewhat viscous liquid which solidified on cooling. It crystailised from methyl alcohol 
in needles, m.p. 64-65°, yield 5 g- (Found: C, 85.1; H, 8.5. CisH.20 requires C, 85.03 ; 
H, 8.66 per cent). 

The oxidation of the spiro-ketone (VIII) was carried out with alkaline permanga- 
nate solution’ exactly as in the case of the spiro-ketone (III), and pyromeliitic acid ‘m.p. 


280°) was isolated. 
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1: 2:3: 4-Tetrahydro-6 :7-cyclopentenonaphthalene-2: 2-spiro-(2’-methyleyclopen- 
tane) (IX).—The foregoing spiro-ketone (5 g.) was reduced by heating with amalgamated 
zinc (20 g.) and hydrochloric acid (conc., 20 c.c.) for 24 hours. It was a colorless mobile 
liquid, b.p. 170-72°;3 mm., yield “3.5 zg. (Found: C, 89.7; H, 10.1. CyisHe, requires 
C, 90.0 ; H, 10.0 per cent). 

Dehydrogenation of the Spiro-hydrocarbon (1X) with Pt-C Catalyst.—The spiro- 
hydrocarbon (3 2g.) was heated with 10% Pt-C catalyst (0.3 g.) in a metal bath at 300°. 
320° for 6 hours and then at 320°-340° for 12 hours when no further hydrogen was 
evolved. The product was thoroughly extracted with ether and the liquid residue left 
after removal of the solvent was distilled over sodium under reduced pressure. The 
liquid distillate (1 g.) was warmed with an equal amount of picric acid in benzene solution 
and the separated picrate after recrystallisation from methyl alcoliol was obtained as 
dark orange needles, m.p. 164-65°. (Found: C, 62.5; H, 4.0. CosH,9O,N; requires 
C, 62.47 ; H, 4.1 per cent). 

The hydrocarbon was regenerated from the picrate by distribution between ammonia 
and ether. The ether solution was washed with water and the solvent evaporated. 
The solid hydrocarbon, thus obtained, crystallised from methyl alcohol in colorless 
shining flakes, m.p. 87-88°. The hydrocarbon is probably 1-methyl-6 : 7-cyclopenteno- 
phenanthrene. (Found: C, 93.0; H, 7-1. CysHys requires C, 93.1 ; H, 6.9 per cent). 

The s-trinitrobenzene complex was prepared from the hydrocarbon in ethyl alcoholic 
solution. It crystallised from the same solvent in deep red needles, m-.p. 169-70°. 
(Fonnd: C, 64.6; H, 4.36. Co «HiOgN, requires C, 64.7 ; H, 4.27 per cent). 

The cost of chemicals required for this investigation was met from a research grant 
sanctioned to one of us (D.N C.) by the Government of West Bengal. 

CHEMICAL LABORATORY, 
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THE CONSTITUTION OF AJMALINE. PART I 


By A. CHATTERJEE AND S. Bose 


The infra-red and ultraviolet absorption spectra of ajmaline (CogH0,N», m.p. 159-60°), one of.the 
ten alkaloids of Rauwolfia serpentini Benth have been studied. The I.R. absorption spectrum of the 
alkaloid shows the presence of a :CMe group (confirmed by Kuhn-Roth experiment), an ether bridge, 
a dihydroindole nucleus and a hydroxyl group. On dehydrogenation with selenium the base produces 
Ind-N-methylharman, and on fusion with alkali it yields indole.2-carboxvlic acid, a crystalline base 
A probable constitution of ajmaline has been discussed from 


and a non-nitrogenous acid (m p. 146-47°). 
the studies of its infra-red and ultraviolet absorption spectra, its colour reactions and its degradation 
products. 

Ajmaline (C,,.H,,O.N:, m.p. 159-60°), one of the ten alkaloids of Rauwolfia ser- 
pentina Benth, was first isolated by Siddiqui and Siddiqui (this Journal, 1931, 8, 667; 
1932, 9, 5303 1935, 12, 37; 1930, 16, 421) and almost simultaneously by van Itallie and 
Steenhauer (Arch. Pharm., 1932, 270, 313} from the same plant material. 

It has been observed by the present authors that ajmaline does not occur in all the 
roots of Rauwolfia serpentina, grown in different parts of India. In this species occurring 
in North-western part of India, ajmaline is found to be partially or wholly replaced by a 
new alkaloid, rauwolfinine (C,,H.,.0,N., the properties and isolation of which have 
already been reported by one of the authors ; Bose, Science & Culture, 1952, 18,98). The 
Bihar variety of R. serpentina has been found to contain only ajmaline and no 
rauwolfinine. The Cochin variety of the same species contains neither ajmaline nor 
rauwolfinine. The amount of the alkaloid serpentine, the strong base of R. serpentina 
(Siddiqui and Siddiqui, this Journal., 1931, 8, 667) is, however, highest in the Cochin 
variety and less in Bihar and Dun varieties. [This study seems to be interesting and 
important as the therapeutic index of the drug, R. serpentina, has been found to differ 
with the variation of the active principles uf the plant materials]. 

Mukherji, Robinson and Schlittler (Exper., 1949, 5, 215) confirmed the above 
composition for ajmaline, and showed that ajmaline was a mono-acidic ditertiary base, 
contained an isolated double bond and gave strychnine-like reactions. According to 
them ajmaline is not a betaine, as suggested by Siddiqui (this Journal, 1935, 12, 37). 
A semiacetal group has been found to be present in the alkaloid by Robinson and 
his collaborators although the infra-red spectrum of the base, as reported by them, 


shows the absence of carbonyl frequencies. On distillation over sodalime and zinc 


dust ajmaline has been found to yield Ind-N-methylharman (1, C,;H,,N,, m.p. 102°) 
and carbazole (II, C,,H,N, m.p. 236°) as the major scission products. 
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On the basis of these results the following two hypothetical structures (III) and 
(IV) have been postulated by Robinson and his collaborators. 


* | | 
CHs(oH)CH—O—CH, 


| 
(11) (TV) (OH) 


They, however, prefer the structure ‘III) and not (IV) for ajmaline, as the latter 
cepresents a dihydroindole derivative which, as such, has not yet been found to occur in 
nature. ‘These authors did not seem to be quite definite about the structure of ajmaline 
as the following quotation from their paper shows: ‘““The structure (III) for ajmaline 
is adopted as a working hypothesis as it involves many speculative features which 
demand further investigations’’. 

Ajmaline has been isolated by a modified method (vide infra) from the roots of 
R. serpentina of Dehra Dun variety. Colour reactions of ajmaline have been studied. 
These are very similar to those of dihydroindole as shown in Table I, 


TABLE I 


Solution in dil. HCl. Cl water. Aq. soln, of H,O, Vanillin Hopkins Cole Ehrlich 
KMnQ,. + conc. HCI. reagent. reagent. 


Ajmaline Purple Deep pink with Yellowish Rose-violet Paleseliow Pale yellow 
a violet tinge pink and then to reddish 
violet yellow 
Dihydroindole Purple Pink violet Deep pink x x x 
Indole xX Light brown Light pink Deep red Violet with Red with 
: green fluo- _ blue fluo- 
rescence resvence 


The ultraviolet absorption spectrum (Fig. 1) of ajmaline shows maxima at 249 mp 
and 293 mz and minima at 226 mv and 273 me. The infra-red absorption spectrum of 
the alkaloid has been studied. Several informations bearing on the partial constitution 
of the alkaloid have been secured froin spectral data. ‘Ihe infra-red-absorption spectrum 
(Fig. 2) shows an absorption band at 5.824 indicating about 20% carbonyl absorption 
which definitely shows that ajmaline contains a carbonyl group. ‘The presence of a 
cyclic acetal group (- CHOH-O-—) in ajmaline suggested by Robinson and his colla- 
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The spectrum also shows 


vorators has been confirmed from the spectrographic data. 
an absorption band for a : CMe group at 7.24 (confirmed by Kuhn-Roth experiment), 
for an ether linkage at 9.0“ and that for dihydroindole at 6.2—-6.8u and for a hydroxyl 


group at 3.02u in ajmaline. 
FIG. 1 
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On fusion with potassium hydroxide at 300°, ajmaline produces a crystalline base 
and two different acids, one of which has been proved to be identical with indole-2-car- 
boxylic acid (V). The second acid (m.p. 146-47°) is non-nitrogenous. The characterisa- 
tion of the base and the non-nitrogenous acid is in progress. On dehydrogenation with 
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selenium at 300°, ajmaline produces Ind-N-methylharman (I), and a few uncharacterised 


indole derivatives as non-basic fragments. 


Now the formation of indole-2-acid (V) from ajmaline on fusion with alkali shows 
that «-position of the dihydroindoie nucieus B (IV) in the base is substituted by a methy! 
These observations do not seem to support the blocked hydro- 


or a methylene group. 
The structure (1V), 


indole structure ‘IIJ) for ajmaline postulated by Robinson et al. 
however, can explain the formation of indole-2-acid from ajmaline by its degradation 
with alkali. But according to structure (IV), the alkaloid should yield on dehydrogena- 
tion with selenium Ind-N-methyl derivatives of alstyrine, viz., N-methylalstyrine (VI), 
desethyl-(VII) or desmethyl-N-methyialstyrine (VIII), whereas ajmaline yields Ind-N- 
methylharman (I) as the major scission product, besides a few indole derivatives. 


CH, 
CH; 
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CH; 
(V1) (VI1) (VIIL)- 


From alkali degradation and selenium dehydrogenation products, the formation of 


carbazole could not be established. 


From the collective review of the studies on degradation experiments of ajmaline, 
its colour reactions, its ultraviolet and infra-red absorption spectra, it is suggested that 
ajmaline contains the fused ring system A B C, as shown in structure (1X). 


C—CH; 


C.H.O, 
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The facile decomposition of the alkaloid into Ind-N-methylharman during its dis- 
tillation over sodalime and zinc dust (Exper., 1949, 5, 215) as also during its dehydro- 
genation with selenium, it appears that the ring D is involved in a weak linkage as 
a result of which Ind-N-methylharman is readily formed from the base during its 
degradations and not the Ind-N-methyialstyrine derivatives. The structure \IX) which 
has been suggested for ajmaline represents a dihydroindole or a dihydroindolenine deriva- 
tive. Such derivatives have been found to occur in nature, viz., the alkaloids of ery/hrina 
(N.O. Leguminosae) (Folkers, Koniuszy and Shavel Jr., J. Amer. Chem. Soc., 1942, 
64, 2146). Robinson et al. (J. Chem. Soc., 1932, 789) and SchOpf and his collaborators 
(Annalen, 1932, 497, 22) have also suggested that the biogenesis of such dihydro- 
indole or dihydroindoienine alkaloids is possible in nature. 

As regards the location of the :CMe group, it seems to be in ring EL, as shown 
in (X), if ring E exists at all. 


Pius 

Abe. | c N 

YY 
N [" 
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V4 
CH(OH) 
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In such a case E would be a six-membered heterocyclic ring like that of alstonine 
(XI) (Elderfield and Gray, J. Org. Chem., 1951, 16, 596; Schlittler, Schwarz and Bader, 
Helv. Chim. Acta, 1952, 35, 271: Bader, ibid., 1953, 36, 215) or serpentine (XII) 
(Bader and Schwarz, ibid., 1952, 35, 1594) and not the seven-membered (IV) as advocated 
by Robinson and his collaborators. 
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There might be, however, another possibility that the : CMe groupin the alkaloid 
might be in ring B, as shown in ‘XIII), like that of physostigmine (XIV) (Robinson 
and Suginome, J. Chem. Soc., 1932, 298, 304) or calycanthidine (XVa) or (XVb) 
(Levy and Robinson, “‘Festschift Karrer’’, 40, April, 1949). 
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But from the simultaneous occurrence of ajmaline with alstonine in Rauwolfia 
vomitoria (N.O. Apocynaceae} (Schlittler, Schwarz and Bader, loc. cit.) and with ser 
pentine in R. serpentina (Schlittler and Schwarz, Helv. Chim. Acta, 1950, 33, 1463) 
it seems highly probable that the :CMe group in ajmaline would be in ring E (X). 
Further investigations on the structure of rings D and E are in progress. 

The double bond in ajmaline is probably Jocated in A” (X). This can explain 
the inertness of the diquaternary double bond towards catalytic hydrogenation with 
platinum in glacial acetic acid (Openshaw and Wood, J. Chem. Soc., 1952, 391; Karter 
and Riittner, Helv. Chim. Acta, 1950, 38, 291) although the possibility of the migration 
of this double bond (A™”’ to A™!5 or A* *!) cannot be ruled out according to Witkop’s 
observations (J. Amer. Chem. Soc., 1953, 78, 3361). 


EXPERIMENTAL. 


Isolation of Ajmaline (by a modified method) from the roots of R. Serpentina.—The 
powdered root bark of Rauwolfia serpentina (5 kg.) was percolated in the cold with 
rectified spirit (30 litres) containing 1.0% acetic acid. The combined reddish brown 
extracts were concentrated under reduced pressure to 200 c.c. on a water-bath. The 
dark red viscous liquid was poured into cold water (600 c.c.) containing 1.0% acetic 
acid and allowed to stand overnight. The separated resinous mass was filtered off 
and the aqueous filtrate was freed from oily matter by shaking with ether. The clear 
acid aqueous solution was then cooled and basified with Na,CO, (ps being maintained 
at 8-8.5). Flocculent precipitate separating was taken up in ether. Pale yeliow ether 
extract was washed with water and dried. Dry <ther solution was concentrated to about 
200 c c. and then saturated with dry hydrochloric acid gas. The sticky brown resinous 
mass separating was refluxed with absolute alcoho! (40 cc.) for 3 hours when a colorless 


crystalline hydrochloride was obtained. ‘The hydrochloride was then dissolved in water 
and the solution on basification yielded ajmaline. Crude ajmaline was purified by 
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crystallisation from ethyl acetate when large rectangular plates, m.p. 158-60° (yield 
4.1 g.) were obtained. [Found (in a dry sample): C, 73.50; H, 7.883 N, 8.4; !C-CHs 
(by Kuhn- Roth), 4.47. CooH2eO.N. requires C, 73.62; H, 7.97; N, 8.59; :C.CHs, 
4.60 per cent). 

Alkali fusion of Ajmaline.—Ajmaline (6.0 g.) was fused with solid potassium 
hydroxide (36.0 g.) in anickel crucible at 300°-320° for 30 minutes on a metal bath. 
On cooling the mass was digested with water (300 c.c.) and solid ammonium chloride 
was added to it. The resultant turbid solution having a faecal smell was extracted with 
ether (250 c.c.) when indole compounds and basic substances passed into ether layer A). 
The aqueous alkaline solution (B) was acidified with hydrochloric acid (tested with 
Congo red). A yellowish brown mass separated. The ether digest (100 c.c.) of the 
brown mass on sublimation in vacuo at o.o1 mm. gave two different products: ‘a) at 
65-70° and ‘b) at 110°. 

Isolaiion of Non-nitrogenous Acid from (a).—The acid fraction (a) distilling at 
65°-70°/0.01 mm (vide infra) was purified by resublimation in vacuum. It crystallised 
from benzene in glistening flakes, m.p. 146-47°, yield 15.0 mg. It is free from nitrogen 
and further characterisation of this non-nitrogenous acid jis in progress. 

Isolation of Indole-2-carboxylic Acid from (b).—The acid fraction in (b) (vide 
supra) was purified by resublimation in vacuo and subsequently by several crys- 
tallisations from benzene and ether-petroleum ether mixture (1:1). The shining flakes 
of indole-2-carboxylic acid melted at 199° ‘yield 50.0 mg.). ‘The acid when distilled 
over sodalime afforded an oil having a faecal smell and responded to the pine chip 
tests for indole. The acid produced a violet-red coloration with isatin and concen- 
trated sulphuric acid. It decomposed at 230° yielding indole, m.p. 51°. The acid and 
its picrate, (m.p. 178°) did not depress the m.p. of synthetic indole-2-acid and its picrate 
(golden yellow, m.p. 178°) when mixed. [Found (in a dry sample): C, 67.06; H, 4.34; 
N, 8.72. Cale. for C,H;O,N for iudoie-2-carboxylic acid: C, 67.08; H, 4.35; N, 8.70 
per cent]. 

The basic and neutral portions (A) (vide supra) isolated from the alkaline degrada- 
tion products of ajmaline are on further investigation. 

Selenium Dehydrogenation of Ajmaline.—Ajmaline (2.0 g.) was intimately mixed 
with black and pulverised selenium (2.0 g.). The mixture was heated in a test tube 
for ten minutes on a metal bath at 300°-310°. The test tube was cooled, powdered 
with sea sand and extracted with benzene in a soxhlet for 16 hours. The dark brown 
benzene solution was filtered through kieselguhr bed and the clear benzene filtrate, thus 
obtained, was freed from the solvent, and the residue on distillation at 110°-120°/o.01 mm. 
gave an oil together with red selenium. ‘The oil was taken up in ether (100 c.c.) and 
the ethereal solution was shaken with aqueous hydrochloric acid (5%, 140 c.c. in seven 
instalments) when the basic portion passed into the acid layer (A) leaving the neutral 
products in ether (B). 

Isolation of Ind-N-methylharman from the Acid layer (A).—The acid aqueous 
solution (A) was cooled in ice and basified with liquor ammonia. A white precipitate 
separating was taken up in ether (150 c.c.). The ether digest was washed with water, 
dried over anhydrous sodium suiphate and freed from the solvent. The residue distilled 
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as a pale yellow oil at 110°-120°/o.01 mm. (yield 0.259 g.) which did not solidify. The 
oil gave a yellow picrate with an ethereal solution of picric acid. The picrate crys- 
tallised from absolute alcohol in yellow needles, m.p. 257-58° (decomp.). The picrate 
showed no depression in m.p. when mixed with the picrate (m.p. 257-58°decomp.) of 
Ind-N-methylharman, an authentic sample of which was received from Sir R. Robinson, 
to whom the authors express their grateful thanks. [Found ‘in a sample of Ind-N- 
methylharman picrate dried for 2 hours at 120° over P,O;): C, 53.36; 53.40; H. 3.42; 
3.46; N, 16.36, 16.41. Cale. for Cy3Hi,.N2. CoH, ‘NU,),OH. C, 53.65; H, 3.533 N, 16.47 
per cent]. 

The Ind-N-methylharman picrate was suspended in water (100 c.c.) and made alkaline 
with sodium carbonate. The mixture was vigorously shaken with ether (80 c.c. in 4 
instalments). ‘Ihe picrate decomposed and Ind-N-methylharman passed into ether 
layer which was washed with water and dried over anhydrous sodium sulphate and 
freed from the solvent. ‘The residue was crystallised out from methanol, m.p. 102°. 
(‘Found in a dry sample: C, 79.80; H, 5-99; N, 14.31. CisH2N, requires C, 79.6; H, 
6.12; N, 14.28 per cent). Neutral substances present in the ether extract ‘B) (vide supra) 
have been characterised as indole compounds. Further identification of these compounds 


is in progress. 
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THE ALKALOIDS OF RAUWOLFIA CANESCENS, LINN. PART VI. 
YOBYRINE—THE SELENIUM DEHYDROGENATION PRODUCT 
OF RAUWOLSCINE 


By A. CHATTERJEE AND S. PAKRASHI 


Rauwolscine, the alkaloid of R. canescens, Linn, on dehydrogenation with selenium produces yoby- 
rine (m.p. 208°, CigHgNy) as the major degradation product. The ultraviolet absorption spectrum of 
yobyrine, its pr: perties and salts have been studied and the skeletal structure of rauwolscine has been 
established. 


Rauwolscine, the major alkaloid of Rauwolfia canescens, Linn (Chatterjee Née 
Mookerjee, this Journai, 1941, 18, 33, 485; 1943, 20, 11; 1946, 28, 6; 1951, 28, 29) on 
pyrolysis produces an oil, 8-ethylindcle (C,.H,,N) and harman (C,.H,.N2, m.p. 232°), 
and on decomposition with alkali at a high temperature yields harman, indole-2-carboxylic 
acid (C,H;NO,, m.p. 200°) and-~isophthalic acid. On distillation over zinc dust the 
alkaloid has been found to yield skatole, 8-methylindole and isoquinoline as the major 
scission products. From a collective review of these degradation products, of which 
harman, isoquinoline and isophthalic acid are the most important, the structural formula 
of rauwolscine appears to be (J) as shown below: 


| al ’ | . ls —COOMe 
WY M4 4 


NH | o| —OH 
WN | 

L*) 

4 


(I) 


The direct evidence of the fused ring system ABCDE, as suggested in structure (I) 
for rauwolscine, has now been secured by selenium dehydrogenation when yobyrine 
(II, R=H) is obtained as the major degradation product besides several other products, 
characterisation of which is in progress. 
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Yobyrine has been purified by high vaccum distillation at 140°-150°/0.005 mm., 
then by chromatography over Brockmann’s alumina using benzene as the developer and 
the eluant, 
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Yobyrine crystallises from methanol and benzene in colorless needles, m.p. 208°. 
The ultraviolet absorption spectrum of yobyrine (Fig. 1) shows the absorption maxima 
at 237, 289, 339, and 350 mp and minima at 271, 299, 345 mp respectively. With picric 
acid yobyrine forms a bright yellow crystalline picrate. Yobyrine has already been 
isolated from other sources, viz., from yohimbine (III) (Mendlik et al., Rec. trav. 
chim., 1929, 48, 191; 1935, 54, S85; Witkop, Annalen, 1943, 554, 83) and sempervirine 
(IV) (Janot, Goutarel and Prelog, Eaper., 1948, 4, 24) by the same degradation process. 
This coinpound has also been synthesised by Julian et al. (J. Amer. Chem. Soc., 1948, 
70, 180) and Clemo and Swan (J. Sou., 1946, 617). It has been observed that 
yobyrine {from rauwolscine) melts 11° lower than that obtained by synthesis and by 
selenium dehydrogenation of sempervirine and yohymbine respectively, according to the 
reports of previous workers (loc. cit.). The homogeneity and the purity of the lower 
melting yobyrine has been established by chromatography. Similar observation in the 
m.p. of yobyrine has also been made by Karrer and his collaborators ‘Helv. Chim. Acta, 
1952, 35, 865). Karrer etal. (loc. cit.) have shown that yohimbyi alcohol (V) (Chatterjee 
Née Mookerjee and Karrer, ibid., 1950, 38, 802) on dehydrogenation with selenium 
yields yobyrine (11, R=H) and methylyobyrine (II, R= Me). 


rt . 
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According to Karrer et al. (loc. cit.) yobyrine obtained from yohimbyl alcoho! 
(vide supra) melts at 206-208° avd not at 216-19°, as recorded by previous workers. The 
present authors wish to report here that both synthetic yobyrine and that prepared from 
yohimbine and dihydroyobyrine which have been received from Julian and Wiikop to 
whom the authors’ best thanks are due, are found to melt at 208° and not at. 216° or 219°. 
Synthetic yobyrine and yobyrine prepared from yohimbine and rauwolscine do not show 
any depression in the melting point when mixed and their ultraviolet absorption spectra 
exhibit practically the same absorption maxima, minima and the same molecular extinc- 
tion (Table I). 

EXPERIMENTAL 


Selenium Dehydrogenation of Rauwolscine.—An intimate mixture of rauwolscine 
‘o.5 g.) and black pulverised selenium (o.5 g.) was heated ina metal bath at 300° for 
5-10 minutes. The daik brown mass was allowed to cool and the test tube with its 
contents was crushed with sea sand and soxhletted with benzene for 16 hours, The 
dark brown benzene extract having a green fluorescence was kept in the frigidaire for a 
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217-19° 
(Wibault and Gastel) 
216° (Witkop) 
219° (Mendlik and Wibaut) 
214° (Clemo and Swan) 


214° (Julian) 
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Flam and Saemann) 
208° (Chatterjee & Pakrashi) 
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week when crude yobyrine with some selenium (0.2 g.) separated out. It was filtered 
off and washed with cold benzene and the mother-iiquor was kept for further investiga- 
tion. Crude yobyrine on distillation in high vacuum at 135°—150°/0.005 mm. gave 
an oil (0.145 g.) which crystallised from methanol and benzene in colorless needles, 
m.p 207°. ‘The purity and the homogeneity of this yobyrine was studied by chromato- 
graphy ‘vide infra) as its m.p. differed from that by previous workers (Table I) nearly by 
12°. 

Chromatography of Yobyrine ‘over Brockmann’s Alumina.—Yobyrine (0.2 g.}, 
purified by high vacuum distillation and subsequently by several crystallisations from 
methanol and benzene, was dissolved in 30.0 c.c. of the latter solvent. The clear solu- 
tion, thus obtained, was chromatographed over alumina in acolumn No.2 (12cm * 1.7 
cm.). The chromatogram was developed with benzene and eluted from the column 
with the same solvent. ‘The eluate was collected in eleven fractions, the first six frac- 
tions in 10 c.c. each and the last five fractions in 20 c.c. each, as shown below. 


TABLE II 
Fractions. Product. M.p. 


1-6 Nil on evaporation is 
7 Coloriess needles 207-2¢8° 
8 Do ’” 
9 Do 
10 Do 
11 Nil on evaporation 


Fractions 7-10 were nixed together and crystallised from methanol when pure and 
homogeneous yobyrine, m.p. 208°, separated out in colorless needles. It showed no 
depression in melting point with synthetic yobyrine when mixed. [Found (in a sample 
dried in vacuo over P.O; for 2 hours at 100°) : C, 84.03; H, 5.83; N, 10.48. Calc. for 
C,eH,.N2: C, 83.82; H. 5.88; N, 10.30 per cent]. 

Yobyrine form Dihydroyobyrine.—A mixture of dihydroyobyrine {0.2 g.) and 
Pd-black (0.2 g.) was taken in a distillation bulb and inserted in an air-bath preheated 
to 185°-190°. The mixture was heated under partial vacuum at 30 mm. and the tem- 
perature was slowly raised to 200°. After half an hour th: contents of the bulb were 
distilled at 140°-150°/0.001 mm. when a yellow distillate was obtajned. It crystallised 
from benzene and methanol in colorless needles, m.p. 208°, yield, 0.15 g. [Found (in 
a sample dried in vacuo over P,O; for 2 hours at 100°): C, 83.94; H, 5.85; N, 10.59. 
Cale. for Ci,HisN:: C, 83.82; H, 5.88; N, 10.30 per cent]. 

Yobyrine Picrate.—To an alcoholic solution ot yobyrine (ro.o ing.) just the requisite 


amount of picric acid in alcohol was added. Yobyrine picrate that separated was crys- 
tallised from alcohol and dilute acetone ia bright yellow needies, m.p. 239-40° (decomp.). 
It showed no depression in m.p. with synthetic yobyrine picrate (when mixed) which 
alone melted at 240° (deccomp.). [Found ‘in a dry sample): C, 59.74; H, 3.84; N, 14.01. 
CisHisN2. CsHz (OH) (NO,); requires C, 59.88; H, 3.79; N, 13.97 per cent]. 
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THE ALKALOIDS OF RAUWOLFIA CANESCENS, LINN. PART VII. 
STUDIES ON THE INFRA-RED SPECTRA OF RAUWOLSCINE 
AND ITS ACETYL DERIVATIVE 


By A. CHATTERJEE (NEE MOOKERJEE) AND S. PAKRASHI 


From the studies of the infra-red absorption spectra of the alkaloid, rauwolscine and its miono- 
acety! derivative and from the acetyl estimation of the latter, the presence of an -OH group in the base 
has been established. It has also been settled that rauwolscine (having an imino and a hydroxyl group) 


on acetylation forms only an acetoxy compound. 


From the study of the various degradations of rauwolscine, viz., mild hydrolysis with 
alkali, pyrolysis, alkaii fusion, dehydrogenation with selenium at a high temperature and 
distillation over zinc dust [Chatterjee (née Mookerjee), this Journal, 1941, 18, 33, 485; 
1943, 11, 20; 1946, 28, 6; 1951, 28, 29; Chatterjee and Pakrashi, Science & Culture, 
1953, 18, 443) it has been possible to establish the skeletal structure (vide structure I 
in Part VI, this issue, p. 25) of the alkaloid and the presence of a carbomethoxy 


group in the base. 


The third oxygen atom in rauwolscine is supposed to be present asa hydroxyl 


group. ‘This assumption was solely based on its active hydrogen determination by the 
method of Zerewitinoff ‘Chatterjee, this Journal, 1941, 18, 485). Conclusive evidence 
of this —OH group kas now been secured from the studies of the infra-red absorption 
spectra of rauwolscine and its acetyl derivative, as also from the acetyl estimation of the 
latter by the method of Kunz and Hudson (J. Amer, Chem. So-., 1926, 48, 1982). 

The infra-red absorption spectrum of rauwolscine ‘Fig. 1) has been studied in chloro- 
form and nujol mull with Baird Infra-red spectrophotometer. The absorption 
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spectrum of the base resembles that of Kamassin, C,,H.2N;, the indole alkaloid of 
Gonioma kamassi (Gellert and Witkop, Helv. Chim. Acta, 1952, 35, 114) and shows 
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the characteristic bands for indole at 6.0-6.6u, for the imino band (—NH group) at 2.87»; 
the band for a carbomethoxy at 5.8 and that for—OH group at 2.8» respectively. 
Further spectral evidence of this -OH group has been obtained from the study of 
acetylrauwolscine. Rauwolscine on acetylation forms a monoacetylrauwolscine, which 
shows the presence of one active hydrogen determined by the method of Zere- 
witinoff. ‘The infra-red absorption spectrum of this monoacetylrauwolscine (Fig. 2) in 
nujol mull exhibits the characteristic bands for an acetoxy group- (-OAc) at 
8.14, for a > NH group at 2.87», for an indole nucleus at 6.0-6.64 and a band for car- 
bomethoxy group at 5.8 respectively. The infra-red absorption spectrum of mono- 
acetyirauwolscine shows the absence of an acetimido group (> NAc). 
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It is proved therefore that rauwolscine contains a hydroxyl group which can be 
acetylated, and monoacetylrauwolscine, thus obtained, is an acetoxy and not an acetimido 
compound. Estimation of acetyl of monvavetylrauwolscine by the method of Kunz- 
Hudson directly confirms this observation. Rauwolscine, C.,H.,O,;N2, resembles in 
this respect corynauthidine, C,,H.,.O,;N., m.>. 243-44° (Janot and Goutarel, Bull. soc. 
chim., 1946, 18, 535), one of the natural isomerides of yohimbine, C,.,H.6O;N2. 
Corynanthidine having an imino (— NH) and ahydr°xyl group forms on acetylation only 
a monoacety! derivative, C,;H.s.0,N2, m.p. 231-32° (decomp.) although itis not known 
as yet whether it isan acetoxy or an acetimido compound. It has not yet been settled 
where the carbomethoxy and the hydroxyl groups in rauwolscine should be located. 
This awaits further investigations. 

The authors wish to report that Schémer’s method for the acetylation of yohimbine 
(Arch. Pharm., 1927, 265, 517) has not proved successful in rauwolscine. 


ExPERIMENTAL 


Monoacetylrauwolscine.—Rauwolscine (1.0 g., dried over P.O; for 4 hours) was 
refluxed with acetic anhydride (5 c.c.) and fused sodium acetate (1.0 g.) for 6 hours. 
The mixture was cooled and poured into 50 c.c. of ice-cold water in a thin stream with 
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constant stirring. After the complete decomposition of unreacted acetic anhydride, 
the dark brown solution was filtered off and the clear filtrate was made ammoniacal on 
cooling. Monoacetylrauwolscine separating was taken up in ether. Reddish brown 
ethereal soluticn was washed with water, dried over anhydrous sodium sulphate and 
distilled. The residue on several crystallisations from alcohol deposited fine needles of 
pure monoacetylrauw2slscine, m.p. 216-18° (decomp.). [Found ‘in a sample dried over 
P.O; in vacuo for 2 hours at 125°): C, 69.86; H, 7.14; N, 6.93; OMe, 7.47;-C.OMe (poten- 
tiometrically), 11.09, 10.94; active H, 0.258. C.,H,;O;N,.C.0Me requires C, 
69.693 H, 7.07; N, 7.07; OMe, 7.83; C.OMe, 10.86; active hydrogen, c.252 per cent). 
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THE ALKALOIDS OF RAUWOLFIA CANESCENS, LINN. PART VIII. 
SELENIUM DIOXIDE OXIDATION OF YOBYRINE--THE 
SELENIUM DEHYDROGENATION PRODUCT 
OF RAUWOLSCINE 


By A. CHATTERJEE AND S. PAKRASHI 


Yobyrine (CjgHjgN2, m p. 289°), one of the selenium dehydrogenation products of rauwolscine 
afforcs a ketone, yobyrone (C,gH,,N,O, m p. 183°) when oxidised with freshly prepared selenium dioxide. 
The ultraviolet absorption spectrum and the properties of yobyrone have been studied and the skeletal 


structure of rauwolscine has been established. 


In an earlier communication it has been reported that rauwolscine (I, same as 
structure I in Part VI of the series, this issue, p. 25) the alkaloid of Rauwolfia canescens, 
Linn (Chatterjee née Mookerjee, this Journal, 1941, 18, 33, 485 ; 1943, 20, 11; 1046, 
28, 6°; 1951, 28, 29) on dehydrogenation with selenium at 300°-320° affords yobyrine, 
C,,H,6ON, ‘II, m.p. 208°) as the major degradation product besides tetrahydroiso- 
yobyrine (III, C;,H,,N,, m.p. 165°) and ketoyobyrine (1V, C.oH,,ON2, m.p. 316°-18° 
decomp.), the experimental details of which will be published elsewhere. 
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Yobyrine (II), when oxidised with freshly prepared selenium dioxide in xylene 
(“Org. Synthesis’, Vol. 15, p. 68) yields a ketone, C,,H,,ON:, m-p. 183°. It is 
highly soluble in benzene and ether unlike its parent substance. The ultraviolet 
absorption spectrum (Fig. 1) of the ketone shows absorption maxima at 266, 292, 


Fig. 1 








1 i 1 i au 
320 340 360 380 400 420 440 
Wavelength in mp —e 





Indicates the molecular Extinction Curve of Synthetic Yobyrone 
” ” ” ” ” »+ Yobyrone from Rauwolscine 





ALKALOIDS OF RAUWOLFIA CANESCENS, LINN. 33 


389 maz and minima at 260, 272 and 345 mp respectively. It forms a picrate. 
This ketone has been proved to be identical with yobyrone, C,.H,,ON, (V) 
(Julian et al., J. Amer. Chem. Soc., 1948, 70, 180) by synthesis and also from a 
direct comparison of their prorerties, ,heir mixed melting points and the mixed melt- 
ing points of their salts. Synthetic yobyrone has been prepared according to the 
method of Julian et al. (loc. cit.) and also from dihydroyobyrine, kindly received from 
Dr. B. Witkop, National Heart Institute, Washington D. C., U.S.A., to whom the 
authors’ best thanks are due. 

From the study of the oxidation of yobyrine, the fused ring structure ABCD EF. in 
rauwolscine (I, vide Part VI, loc. cit.) has been confirmed. It is also proved that > CH, 
group in C,, (II) is active, being an +-substituent of a pyridine ring ‘C), and thus, it is 
readily oxidised to > CO only with freshly prepared selenium dioxide. 


ExXPERIMENTAITI 


Yobyrone, the Selenium Dioxide Oxidation Product of Yobyrine.—Yobyrine (0.6 g.) 
was refluxed in xylene (soc.c., dried over sodium) with freshly sublimed selenium 
dioxid? (loc. cit.) for 3 hours. ‘The solution was decanted off and freed from the solvent 
under reduced pressure. The residue on distillation in high vacuums gave a pale 
yellow oil at 160°-170°/0.005 mm. which rapidly solidified. It crystallised from methanol 
yield 0.30 g. [Found (in a sample dried 


in shining yellow flakes, m.p. 182-83’, 
over P,Os for 2 hours): C, 79.84 3 H, 4.82; N, 10.24. Cale. for C,yH,,ON;: C, 79.70 ; 


H, 4.90; N, 10.14 per cent]. 

Yobyrone picrate was prepared by adding an ethereal solution of picric acid to an 
ethereal solution of yobyrone when a yellow mass separated. It crystallised from absolute 
alcohol in golden yellow needles, m.p. 191-92°. (Found in a dry sample: C, 50.52 ; 


H, 3.20; N, 14.01. C2sH,;,O,N; requires C, 50.40; H, 3.34: N, 13.86 per cent). 
* The melting points recorded here are not corrected. 
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SOME APPLICATIONS OF GLYCOLIC TITRATION. PART I. 
ESTIMATION OF ORGANIC BASES 


Minrr Natu DAS AND SANTI R. PALIT 


Glycolic mixtuves have been used as the titration medium for estimation of several weak organic 
bases including some alkaloids, amino-acids and aminophenols. The relative base strengths of aniline 
and its hydroxy and carboxy derivatives, as appear from the nature <f their citration curves in glycolic 


media, have been discussed. 


The method of glycolic titration of weak organic bases was first devised by Palit 
(Ind. Eng. Chem. Anal. Ed., 1946, 18, 246) who found that a mixture of a glycol 
(ethylene or propylene) with any higher alcohol, hydrocarbon, or chlorinated hydro- 
carbon (to be called G-H mixture or glycolic mixture) served as a very convenient 
medium for titration of many weak organic bases which could not be directly titrated in 
aqueous media, for reasons of poor solubility or difficulty in detecting the end-point. 
The titration can be followed potentio:netrically, as well as with the use of a suitable 
indicator like thymol blue, methyl red or methyl orange. ‘The bases titrated by this 
method include aniline, pyridine, quinoline, 8-naphthylamine, p-toluidine, phenylhydra- 
zine, and alkaloids like brucine and strychnine. 


This method has since been used by other workers for the estimation of different 
bases. In this laboratory, the method has been used as a routine procedure for the 
estimation of pyridine in course of the study of kinetics of Menschutkin’s reaction 
involving long-chain quaternary pyridinium sa!t formation (Mukherjee and Palit, this 
Journal, 1950, 27, 175) and is expected to be of gencral application for the kinetic study of 
any reaction involving gradual appearance or disappearance of a weak base, as happens in 
the aforesaid reaction. Glycolic titration has also been used with success for the determina- 
tion of molecular weight of nylon by the end group method (Basu, J. Poly. Sci., 1950, 5. 
735). Siggia etal. (Anal. Chem., 1950, 22, 1295; 1951, 28, 1717) have utilised the 
method for the quantitative analysis of mixtures, of primary, secondary and tertiary 
amines, and also for the assay of acid anhydrides in presence of carboxylic acids. 


The present paper describes some further applications of glycolic solvent media 
for titration of weak organic bases like alkaloids, amino-acids and aminophenols. 


EXPERIMENTAL 


The general experimental procedure for potentiometric titration was essentially 
the same as that recommended by Palit ‘loc. cit.), Beckman pa meter being used, and 
a Beckman glass electrode in conjunction with a saturated calomel electrode. ‘Titration 
was carried out with standard solutions of HCIO, or HCl in glycolic solvent mixtures. 
The indicator used was an 1% solution of thymol blue in ethyl] alcohol. 
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- Alkaloids 


Several alkaloids have been titrated in glycolic solvent media and the 
results are discussed below. ‘These include narcotine, narceine, papaverine, thebaine, 
piperine, hyoscine and veratrine. All these samples were of A.R. quality (Merck). 

The results are graphically represeuted in Fig. 1. It would be seen that narcotine, 
narceine and papaverine give quite sharp inflexions and behave as fairly strong bases. 
For these bases, the titration is also possible with the use of an indicator like thymol 
blue. The titration was carried out simultaneously by the potentiometric method as 
well as with an indicator. ‘The colour change of the indicator exactly coincided with the 
potentiometric inflexion point. 

Thebaine also gives a good inflexion. For hyoscine, the change of px is rather 
gradual and the inflexion is not sharp enough. For these bases, the indicator method 
is not quite suitable. Piperine and veratrine give uo inflexion in the titration curve, 
and cannot be estimated in glycolic solvent media. Representative data are shown in 


Table I. 
TABLE I 


Solvent : Ethyleneglycol-isopropyl alcohol (1 : 1). 
Acid : HCl in the same solvent (N/10 or N/30). 


Alkaloid. Taken. Found % Error. 
(potentiometrically). 


Narcotine 0.1273 g- 0.1268 g. —0.4 

Narceine 0.0558 0 ©562 +0.73 
Papaverine 0.0521 © 0524 +0.58 
Thebaine 0.0297 © 0295 
Hyoscine 0.0237 0.0240 


—0.67 
+1.3 


It would be observed from the above table that the method of glycolic titration can 
be used with advantage for the quantitative estimation of these alkaloids. It may be 
mentioned in this connection that these alkaloids are practically insoluble in water, 
and hence, cannot be directly titrated therein. These alkaloids, however, readily 
dissolve in glycolic solvent mixtures on slight warming, if necessary. The results 
definitely indicate that glycolic titration 1s eminently suitable for the estimation of 
alkaloids, and with suitable modifications, may prove to be of general applicability in this 
field. 


Amino-acids 


A possible application of glycolic titration seems to be in the biochemical field for 
The substances so far investigated 


analysis for amino-acids and protein hydrolysates. 
by the authors include the simplest amino-acids like glycine, asparagine, p-aminosalicylic 
acid (PAS), hippuric acid and anthranilic acid. The results are dissussed below, 
Glycine and Asparagine.—The main difficulty concerning these two amino-acids 
arises out of the very sparing solubility of these in glycolic solvents. They were first 
dissolved in the least quantity of hot water and the warm solution was then 
taken up with 20 c.c. of ethyleneglycol-isopropyl alcohol mixture. Under these 
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conditions, the amino-acids were found not to separate out of the solution, unless 
allowed to stand for a sufficient length of time. ‘The solution was titrated potentio- 


metrically with N/10-HCIO, for glycine and N/20-HCI10, for asparagine. 


FIc. 1 
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b-Aminosalicylic acid is readily soluble in glycolic solvent mixtures, and in this 


medium, it is found to behave as a fairly strong base. With°this base, the titration can 


also be followed with an indicator, like thymol blue. The colour change, however, is not 
sufficiently sharp. In aqueous medium PAS gives no inflexion. 
Anthranilic and hippuric acids show pronounced acidity even in glycolic solvent 


° / . ° ° 
media and cannot be titrated as bases. Attempts were also made to titrate other amino- 


acids like tyrosine and tryptophane, but no suitable solvent was found for these com- 
pounds, 

The results are graphically represented in Fig. 2. 
in Table II. 


The analytical results are shown 


TABLE II 
Solvent : same as in Table I. 
Acid : HCIO, in the same solvent. 
Amino-acid. Taken. Found. % Error. 
Glycine 0.0178 g. 0.0176 g. —I.1 
Asparagine 0.0162 0.0159 —1.8 


PAS 0.0721 0.0718 0.42 
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Aminophenols 


Aminophenols (p and 0) have been titrated in glycolic solvent medium, and 
found to give good inflexions in the titration curves (Fig. 3). These bases 
were selected primarily with a view to comparing the base strengths of aniline and its 
phenolic and carboxy derivatives (like anthranilic and para-aminosalicylic acids). 

Commercial samples of the aminophenols, deep brown in colour, were dissolved in 
dilute HCl and treated with activated charcoal. The solution was filtered and the free 
base precipitated by the addition of sodium carbonate. ‘The precipitate was filtered 
and thoroughly washed with warm water and then with alcohol. ‘Lhe crystals were finally 
dried in vacuo, and inimediately used for work. 


FiG. 3 
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The aminophenols were titrated both in glycolic and aqueous media. The results are 
graphically represented in Fig. 3. A titration curve for aniline in glycolic solvent is 


also inserted in Fig. 3 for comparison. 
DiscuUSSION 


It would be seen from the curves (Fig. 3) that both o- and p-aminophenols behave 
as fairly strong bases in glycolic media and give pronounced inflexions in the titration 
curves. p-Aminosalicylic acid also behaves as a fairly strong base. PAS is strong 
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enough to be titrated with the use of an indicator, like thymol blue. The aminophenols 
themselves behave, to some extent, as indicators, and hence, the indicator method is not 
applicable. Anthranilic acid, however, shows pronounced acidity even in glycolic media 
and cannot be titrated as a base. 

On comparing the titration curves of aniline (Fig. 3) with those of the aminophenols 
and PAS, it would be evident that in glycolic medium, aniline is a much weaker base 
than any of its derivatives. Even PAS, which contains a free acidic carboxylic group, 
behaves as a stronger base than unsubstituted aniline. In aqueous medium also, 
p-aminophenol behaves as a fairly strong base and the inflexion is sharp enough, while 
o-aminophenol gives a less sharp inflexion. PAS gives no inflexion at all in aqueous 
medium. As appears from the nature of titration curves in glycolic solvent medium, 
the base strengths of the substituted anilines studied lie in the following order: -amino- 
phenol > o-aminophenol > PAS > aniline > anthranilic acid. 

It is well known that when the hydroxyl group occurs as a substituent in the 
benzene nucleus, there occurs, as a result of resonance phenomenon, a high electron 
density at the ortho and para positions, and the acidity of phenols actually arises out 
of this electron release from the hydroxyl group. On the other hand, the weakly basic 
character of aniline is due to a similar resonance phenomenon whereby the amino- 
nitrogen atom tends to acquire a net positive charge leading to a decreased base strength. 
When a hydroxy! and an amino group are simultaneously present in the benzene 
nucleus in ortho or para position to each other, there occurs an interference between 
the resonance effects of the two groups (Branch and Calvin, “‘The Theory of Organic 
Chemistry’’, Prentice Hall Inc., N. Y., 10945) as a result of which the acidity of the 
phenolic group decreases, and at the same time the base strength of the amino group 
increases. In glycolic media, the acid dissociation of the phenolic group is further 
suppressed and the basic properties of aminophenols are exhibited to a marked degree. 


The case of PAS is somewhat intriguing. The hydroxy group in the meta position 
and the carboxy in the para position to the amino group should both contribute to a 
weakening of the base strength, compared against unsubstituted aniline. Curiously 
enough, in spite of the base weakening effects exerted by these two groups, PAS behaves 
as a fairly strong base, much stronger than aniline, in glycolic solvent media. In 
aqueous medium, on the other hand, PAS shows practically no basic properties. Such 


reversal of relative base strengths on passing from one soivent to another is not very 
uncommon and can hardly be predicted from structural or other considerations. As 
Lewis asserts, no monotonic scale for the strength of acids or bases can be formulated, 


there being no unique order for these values. 
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SOME APPLICATIONS OF GLYCOLIC TITRATION. PART II. ESTIMATION 
OF SALTS OF ORGANIC ACIDS 


By Mrurr Natu DAs 


Glycolic solvent media have been used for titration of acetates of several metals like Ca, Zn, 
Mn, Pb and Hg. Both HCl and HCiO, can, in general, be used with equal success But, for mercuric 
acetate, HCl gives an extremely sharp end-point, whereas HC1O, is not at all suitable even for poten- 
tiometric titration. HCiO, can, however be used for titration of mercuric acetate in presence of 
excess sodium chloride. This suggests the possibility of estimating saits of inorganic acids, especially 
halides, by glycolic titration with HClO, in presence of exces3 mercuric acetate. 

The glycolic titration method has been successfully used by Palit for the estimation 
of salts of a large number of monobasic organic acids including soaps, for which G-H 
mixtures have a very high degree of dissolving power (Ind. Eng. Chem. Anal. Ed., 
1946, 18, 246; Oil & Soap, 1946, 23, 58). Weak acids are dissociated to a still lesser 
extent in such solvents, and hence, their salts behave as fairly strong bases in such 
media. Either the potentiometric or the indicator method can, in general, be applied 


with equal success. 
The special importance of this method lies in the fact that there is no easy and 


accurate method for the estimation of salts of such acids, The classical methods employed 
for this purpose are quite laborious, involving distillation of the free acid liberated by 
H,SO, or H;PO,, or extraction of the free acid with ether in the case of non-volatile 


acids. Moreover, these methods, complicated as they are, are not sufficiently accurate. 
The combustion method of Siggia and Maisch (Ind. Eng. Chem. Anal. Ed., 1948, 20, 
235) is relatively simple in application and principle, involving the oxidation of the salt 
of carboxylic acid to the corresponding carbonate, followed by acidimetric determination 
of the carbonate. Glacial acetic acid has also been used as a titration medium for 
acetates and salts of other carboxylic acids (Markunas and Riddick, Anal. Chem., 
1951, 23, 337). But glycolic titration method presents distinct advantages over any 
other method in point of simplicity and accuracy, as well as greater dissolving power 
of glycolic solvents. It offers an additional advantage by affording a simple method 
for determination of free alkali in the salt of an organic acid. Green (J. Amer. Pharm. 
Assoc., 1948, 37, 240) has utilised the method for assay of some ‘official salts’ including 
phenobarbital sodium, sulphathiazole sodium, and the like. 

The glycolic titration has been extended by the present author for analyses of ace- 
tates of several metals like Ca, Zn, Pb, Mn and Hg. The samples used were all of 
A. R. quality (Merck or Scherring-Kahlbaum). 

The acetates were titrated in ethyleneglycol-isopropyl alcohol (1:1) mixture, poten- 
tiometrically (as described in Part I of this series, this issue, p. 34) as well as with the use 
of thymol blue as an indicator.. The indicator method, however, is not quite suitable for 
manganese acetate. In general, either N/10-HCl or N/10-HCIO, can be used with equal 
success with the solitary exception of mercuric acetate, for which HCl affords excellent 
results, but HCIO, is not at all suitable. 

The potentiometric titration curves are shown in Fig. 1 and in the following table 


are presented the typical analytical data. 
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TABLE I 
Estimation of heavy metal acetates. 

Metal. Amount taken. Amount found. % Error 
Ca 0.0652 g. 0.0654 g. +0.31 
Zn 0.0944 © 0947 +0.32 
Hg 0.1180 0.3177 —0.25 
Mn 0.0541 0.0538 0.55 
Pb 0.1953 0.1940 —0.65 

The results demonstrate that the acetates of these metals can be very accurately 
estimated by glycolic titration. The salts behave as fairly strong bases in glycolic 
solvent media and the titration can, in general, be followed with the use of an indicator 
like thymol blue. Addition of chloroform or phenol brightens the end-point. 

The case of mercuric acetate deserves soime special mention. For titration of 
acetates of other metals like Ca, Mn, Zn or Pb, either HC] or HCIO, can be used with 
equal success, and the end-point can, in general, be ascertained potentiometrically as 
well as with the use of an indicator like thymol blue. But in the case of mercuric 
acetate, HCl gives an extremely sharp end-point, whereas HCIQO, is not at all suitable. 
In propyleneglycol-chloroform as a titration medium, an exceptionally sharp and bright 
colour change is observed with thymol blue as the indicator, when titrating with HCl. 
In fact, the colour change is sharper than even with the alkali metal acetates. Poten» 

Fic. 1 tiometric titration also yields a very 
pronounced inflexion at the equivalence 
point (Fig. 1). It will be observed 
from the adjoining figure that during 
the first part of the titration, the appa- 

O, Calcium (vs. Helg)} rent du» changes very slowly and 

2 ken a mat )} at the end-point it abruptly drops down 

Q, Manganese re wen tO a negative value. Using HCIO,, 

@, Lead C» ‘3 on the other hand, the apparent pu 
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sharply decreases from the very begin- 
ning and no inflexion occurs. This 
difference in the behaviour of the two 
acids is due to the fact that when titrat- 
ing with HCIO,, the mercuric perchlorate 
formed undergoes solvolysis even in 
glycolic solvents and the solution reacts 
strongly acidic very soon after the 
titration is started. On the other hand, 
when HCl is used, HgCl. formed in 
course of the titration is a non-ionic and 
' s neutral compound with absolutely no 
2 3 4 5 6 7 tendency towards solvolysis. Moreover, 
Volume of acid(cc) , ae : me ; 
HgCl, is sparingly soluble in glycolic 











solvents aud precipitates out of the titration medium unless the solution is sufficient- 
ly dilute. This, however, does not interfere, with the titration, Mercuric 





SOME APPLICATIONS OF GLYCOLIC SITRATION 41 


acetate itself is a very weakly ionising compound in glycolic media, and hence, 
the apparent pa remains virtually constant right up to the end-point. The initial 
pba Of a mercuric acetate solution in glycol is also relatively low, in compari- 
son with acetates of other metals. In fact, bromophenol blue does not show its alkaline 
colour (blue) in a mercuric acetate solution in glycol, whereas a trace of any other 
acetate imparts a distinct blue colour. The case of mercuric acetate clearly demonstrates 
that dissociation is not the only factor to reckon with in connection with the feasibility 
or otherwise of acid-base titration in any particular medium. The nature of the product 
formed in course of titration, the extent of its solvolysis and its solubility in the titra 
tion medium are no less important factors. 


It may be mentioned in this connection that mercuric acetate behaves as a neutral 
non-ionic compound in other non-aqueous solvents as well, like glacial acetic acid. 
Kolthoff and Willman ‘J. Amer. Chem. Soc., 1934, 56, 1014) have studied the basic 
strengths of several metallic acetates in glacial acetic acid medium by conductance 
measurements which show that mercuric acetate is the least basic with the lowest 
equivalent conductivity. In glycolic solvent media, however, the heavy metal acetates 
also exhibit quite satisfactory end-points, and even a neutral compound like mercuric 
acetate has been titrated with success using HCl. 


The neutral character of mercuric acetate in glacial acetic acid has been utilised 
recently for potentiometric titration of several metallic and amine salts of inorganic 
acids, especially halides (Higuchi and Concha, Science, 1951, 118, 210; Pifer and 
Wollish, J. Amer. Pharm, Assoc., tg51, 48, 609; Anal. Chem., 1952, 24, 300, 519). 
This method depends upon the fact that on adding mercuric acetate to a halide salt, 
say NaCl, the halide is tied up as undissociated mercuric halide, and the acetate ion 
liberated can be titrated as a base with perchloric acid. The excess of mercuric acetate, 
being a neutral compound, does not interfere in the titration. Naturally, HCl cannot 
be used for this titration. This method is of great practical use for the estimation of salts 
of amines, alkaloids, vitamins etc. 


A similar behaviour has also been observed in glycolic solvent media. Thus, a 
solution of mercuric acetate, which is neutral to bromophenol blue, imparts a distinct 
alkaline colour (blue) on the addition of a trace of sodium chloride or any other chloride, 
or bromide. It might therefore be possible to estimate neutral salts, especially halides, 
in glycolic solvents by titration with perchloric acid, in presence of excess mercuric 
acetate. An obvious advantage of using glycolic solvents for this purpose would lie in 
their much greater dissolving power, compared with glacial acetic acid. 


Another interesting observation may be mentioned in this connection. In presence 
of excess chloride, say NaCl, mercuric acetate can be titrated against perchloric acid 
even with the help of an indicator (like thymol blue or bromophenol blue), although 
in absence of chloride, the same titration is not possible even potentiometrically. The 
titration, in this case, actually involves the neutralisation of sodium acetate formed by 
the reaction between sodium chloride and mercuric acetate. 


6—1851P—1 
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Metal Analysis by Glycolic Titration 


The method discussed above might be utilised for the volumetric estimation of 
some of these metals, and a general method is suggested for this purpose, subject to 
necessary modifications in specific cases. 

The metal is to be precipitated as oxide, hydroxide or carbonate and the precipitate 
dissolved in acetic acid. The resuiting acetate, after evaporating off the solution, is to be 
taken up with giycolic solvents and titrated with standard glycolic acid with a suitable 
indicator or by potentiometric method, if necessary. 

The method has been tested for the estimation of barium by precipitating the metal 
as carbonate, and found to give satisfactory results (99.3 to 99.7%). The method was 
also applied for the analysis vf zinc and lead, but the results were found to be too 
low, the mean crror being about 2%. Better results may perhaps be obtained by proper 
control of experimental conditions to ensure complete precipitation of the metals. 

The above method, even if successiul in individual cases, would have its limitations, 
restricting its applicability. ‘The main defect lies in the fact that the method is not 


specific, and hence, cannot be expected to be applicable to mixtures without previous 


separation. ‘The scope and utility of the method can be extended by using specific 
organic reagents for precipitation of metals and estimating the precipitates by non- 
aqueous titration. It is well known that many of such organo-metallic complexes do 
not possess well defined composition, and hence, it is sometimes necessary to iguite the 
precipitate and ultimately determine the metal as oxide. Moreover, there are cases where 
the precipitate has a tendency to bring down excess reagent along with itself, which 
introduces an error in the direct gravimetric or volumetric analysis by the usual methods. 
In such cases volumetric analysis of the precipitate, dissolved or suspended 
in glycolic or other suitable non-aqueous medium, by direct acid-base titration may be 
of great help in solving the analytical problems involved. Some preliminary work in 
this line has been undertaken in this laboratory e. g. with oxinates of magnesium and 
other metals, and the results are quite encouraging. Further. systematic work is 
necessary to make the method a complete success and of general application in this field. 

The author is indebted to Dr. Santi R. Palit for this kind interest in the work and 
helpful suggestions. 
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STUDIES IN THE SYNTHESIS OF 4-HYDROXYQUINOLINES USING 
ACETIC ANHYDRIDE AND SULPHURIC ACID. PART II 


By B. P. BANGDIWALA AND C. M. DesaAr 


Ethvl 8-phenyl-8-arylaminoacrvlates have been cyclised using acetic anhydride and sulphuric acid, 
affording 4-hydroxy-2-phenylquinolines in good yields. Ethyl] 8-phenyl-8-(m-tolvidino)- and -8-(m- 
chlorcanilino)-acrylates on cyclisation give a mixture of 5- and 7-isomers. Several 2-pheny]-4-chloro- 
quinojines have been prepared. 


It has been observed that quinine suffers attack in vitro in the presence of liver 
slices to yield the 2-hydroxy derivative (Mead and Kocpfli, J. Biol. Chem., 1944, 154, 
104). Therefore it is expected that if this position is blocked in other active groups 
of antimalarials, enhanced activity is likely to result. This has led toan investigation of 
new procedures for the preparation of 2-phenyl-4-chloroquinoline derivatives which are 


used in the synthesis of several types of dialkylaminoalkylaminoquinolines (Drake et 
al., J. Amer. Chem. Soc., 1946, 68, 1208). 

Conrad and Limpach (Ber., 1888, 24, 521) carried out the condensation between 
ethyl benzoylacetate and aniline to give the intermediate ethyl 8-phenyl-8-anilinoact ylate 


which on cyclisation by quickly heating at 250° gave 4-hydroxy-2-phenylquinoline. 
The Conrad-Limpach synthesis with its modifications (Price and Roberts, J. Amer. Chem. 
Soc., 1946, 68, 1204) has not been found to be satisfactory, starting with ethyl benzoyl- 
acetate (Conrad and’ Limpach, loc. cit. Elderfield et al., J. Amer. Chem. Soc., 1946, 
68, 1272). Hauser and Reynolds (ibid., 1948, 70, 2402) prepared 4-hydroxy-2-phenyl- 
and 4-hydroxy-2-phenyl-8-methylquinolines in 50% and 38% yields respectively. 
Kaslow and Lawton (ibid., 1950, 72, 1724) prepared 4-hydroxy-2-pheny]l-6-bromo- 
quinoline. Niementowski 'Ber., 1894, 27, 1394) prepared 4-hydroxy-2-phenylquinoline 
by heating a mixture of anthranilic acid and acetophenone. Later, Fuson and Burness 
(J. Amer. Chem. Soc., 1946, 68, 1270, «xploited this method by using derivatives of 
anthranilic acid and diethylacetal of acetophenone. Elderfield et al. (loc. cit.) obtained 
4-hydroxy-2-phenyl-7-chloro-, 4-hydrosy-2-phenyl-7-methoxy- and 4-hydroxy-2-phenyl- 
6-methoxy-quinolines employing the imidochloride method devised by Just (Ber., 1886, 
19, 1462, 1541) and used by Shah and Heeramaneck (J. Chem. Soc., 1936, 425). 


In continuation of the work on the synthesis of 4-hydroxy-2-methylquinolines 
using acetic anhydride and sulphuric acid as cyclising agents (Part I. this Journal, 1953, 
30, 655), the present’ work was undertaken to ascertain the applicability of the method 
with ethyl benzoylacetate (Bangdiwala and Desai, Curr. Sci., 1952, 24, 348). With this 
method, ethyl /-m-substituted anilinocrotonates give only the 5-isomer (Bangdiwala 
and Desai, ibid., 1952, 21, 256). The object of the present work was particularly to 
study whether ethyl §-phenyl-8- (meta-substituted anilino)acrylates upon cyclisation 
would ‘give a single product or a mixture of isomers, and in the latter case, the object was 
to separate the isomers. It was, however, found that both in the case of ethyl 8-phenyl- 
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8-(meta-toluidino)- and -(meta-chloroanilino)-acrylates, a mixture of 5 -and 7-isomers 
was obtained. A separation of these isomers has been effected. 

The synthesis has been carried out using aniline, 0-,m-,p-toluidines, m-,p-chloro- 
anilines, o-,-p-anisidines, p-phenetidine, 1:3:4- and 1 :4 : 5-xylidines anh $-naphthylamine. 

Except 4-hydroxy-2-phenyl-, 4-hydroxy-2-phenyl-8-methyl-, 4-hydroxy-2-pheny]- 
7-chloro-, 4-hydroxy-2-phenyl-6-methoxy- and 2-phenyl-4:7-dichloro- and 2-pheny]l-4- 
chloro-6-methoxy-quinolines, all 4-hydroxyquinolines and their 4-chloro derivatives 
are new. ‘The yields of the products are quite satisfactory. 

The hydroxyquinolines, except one, are all soluble in dilute sodivm hydroxide. 
They give red coloration with ferric chloride in alcoholic solution of the substance. 


When treated with POCI;, they give 4-chloro derivatives. 


ExPERIMENTAL 


4-Hydroxy-2-phenyl-5- (and 7)-methyiquinolines.—kthyl benzoylacetate ‘19.2 g.) 
and m-toluidine (10.7 g.) were mixed together and a drop of HCI (conc.) was added 
to it asa catalyst. The mixture was allowed to stand for five days. It was purified 
by dissolving in ether and washing the ether solution with o.5N-HCI, then with water 
and finally dried over anhydrous magnesium sulphate. Ether was removed yielding 
ethyl 8-phenyl-8-(m-toluidino)acrylate ‘15 g.). 

The acrylate (15 g.) was dissolved in acetic anhydride (30 c.c.) and H,SO, (15 c.v.) 
was added io it when considerable heat was evolved. It was then poured on ice and 


neutralised with a strong solution of sodium hydroxide. The product was filtered. The 
filtrate on concentration gave a further yield, toial yield 6.9 g., m.p. 220°-240°. Further 
crystallisation did not raise the m.p. It was therefore presumed to be a mixture of 


isomers. 
Separation of the Isomers.—The product was treated with NaOH, warmed and 


filtered. 

(A) Residue: 4-Hydroxy- 2-phenyl-7-or 5-methylquinoline.—It was washed with 
water and then crystallised from alcohol in needles, m.p. 261-62°, yield 41%. Further 
crystallisation did not raise the m.p. (Found: N, 5.9. C:<H,,;ON requires N, 6. 
per cent), : 

4-Chloro-2-phenyl-7-0r 5-methylquinoline.—The above ccmpound {1 g.) was treated 
with POCI, ‘10 c.c.) and the mixture refluxed for 20 minutes, cooled to 60° and poured on 
ice and neutralised with strong ammonia, when the chloro derivative precipitated in a 
voluminous mass, yield 84%. It was crystailised from alcohol, m.p. 80-82°. (Found: 
Cl, 13.8. Ci¢sH,.NCI requires Cl, 14.0 per cent). 

(B) Filtrate: 4-Hydroxy-2-phenyl-s-or 7-methylquinoline.—It was acidified with 
concentrated HCl. The precipitated product was filtered and crystallised from alcohol, 
m.p. 278°. Further crystallisation did not raise the m.p., yield 59%. ‘Found:N, 5.9. 
C,.H,,;ON requires: N, 6.0 per cent). 

4-Chloro-2-phenyl 5-or 7-methylquinoline.—The above hydroxy compound (1 g.! 
was refluxed with POCI, (10 c.c.) for 20 minutes, cooled to 60°, poured on ice and neu- 
tralised with strong ammonia. ‘The product was crystallised from alcohol, in.p. 66-67° 
yield 86%. (Found: Cl, 13.8. C,¢H,.NCI requires Cl, 14.0 per cent). 
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' 4-Hydroxy-2-phenyl-s-and 7-chloroquinolines.—The acrylate was prepared as above, 
yield 54%. It was cyclised as above, yield 45.7%, m.p. 250°-260°. 

Separation of the Isomers.—The mixture of isomers (5 g.) was treated with alcohol 
{100 c.c.), boiled and filtered hot. 

(A) Residue: 4-Hydroxy.2-phenyl-7-chloroquinoline.—It is insoluble in alcohol. 
It was crystallised from glacial acetic acid, m.p. 357-58°. Mixed m.p. with an authentic 
specimen, prepared by the unequivocal method of Elderfield et al. (loc. cit.), was unde- 
pressed; yield 19%. (Found: N, 5.7; Cl, 14.1. Cale. for C,;H,sONCI: N, 5.9; Cl, 13.90 
per cent). 

2-Phenyl-4 :7-dichloroquinoline was prepared as usual and crystallised from alcohol, 
m.p. 99°-100°, yield 89%. (Found: Cl, 26.1. C,;H NCI, requires Cl, 26.0 per cent). 

(B) Filtrate gave 4-hydroxy-2-phenvl-5-chloroquinoline, m.p. 279-80°. It was 
recrystallised from alcohol, m.p. 282°, yield 80%. (Found: N, 5.83 Cl, 14.1. CisH,,ONCI 
requires N, 5.93 Cl, 13.9 per cent). 

2-Phenyl-4:5-dichloroquinoiine crystallised from alcohol, m.p. 102-103°, yield 86%. 
(Found: Cl, 26.0. C,;H,»NCI, requires Cl, 26.0 per cent). 

4-Hydroxy-2-phenylquinoline.—The acrylate (yield 52.7%) was cyclised as usual 
to give the above product. It was crystallised from alcohol, m.p. 254° (mixed m.p. 
with an authentic specimen prepared by the thermal method was undepressed), yield 
54%. 

4-Chioro-2-phenylquinoline crystallised form alcohol, m.p. 60-62°, yield 89%. 
(Found: Cl, 14.9. C,sH,)NCI requires Cl, 14.€ per cent). 

4-Hydroxy-2-phenyl-8-methylquinoline.—The acrylate ‘yield 42.6%) was cyclised 
as usual. The product was crystallised from alcohol, m.p. 224-25°, yield 52.8%. 
Hauser and Reynolds (loc. cil.) give m.p. 245-46°. (Found: N, 5.8. Cale. for 
C,6H,:ON : N, 6.0 per cent). 

4-Chloro-2-phenyl- 8-methylquinoline crystallised from alcohol, m.p. 82-83°, yield 
89%. (Found: Cl, 14.2. C:gH,.NC! requires Cl, 14.0 per cent). 

4-Hydroxy-2-phenyl-6-methylquinoline—The acrylate (yield 49.7%) was cyclised 
as usual. The product was crysta!lised from alcohol, m.p. 294-95°, yield, 75.2%. 
(Found : N, 5.8. C,¢.H,,ON requires N, 6.0 per cent). 


4-Chloro-2-phenyl-6-methylquinoline was obtained by treatment with POCI, and 


crystallised from alcohol, m.p. 95-97°, yield 94%. (Found: Ci, 14.1. CisH,.NCl 


requires Cl, 14.0 per cent). 
4-Hydroxy-2-phenyl-6-chloroquinoline.—The acrylate (yield 52.8%) was cyclised 
as usual. The product was crystallised from glacial acetic acid, m.p. 350-51° ‘decomp.), 
yield 33.8%. (Found: N, 5.9; Cl, 13.8. C,;sH,,ONCI requires N, 5.9; Cl, 13.9 per cent). 
2-Phenyl-4 :6-dichloroquinoline was obtained as usual and crystallised from alcohol, 
m.p. 118-20°, yield 80%. (Found: Cl, 26.2. C,;H,NCl. requires Cl, 26.0 per cent). 
4-Hydroxy-2-phenyl-8-methoxyquinoline.—The acrylate ‘yield 46.5%) was cyclised 
5 Of 


as usual, The product was crystallised from alcohol, m.p. 262-63°, yield 35.7%. 
(Found: N, 5.5. CisHi;0.N requires N, 5.6 per cent). 
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4-Chloro-2-phenyl-8-methoxyquinoline was obtained as usual and crystallised from 
alcohol, m.p. 179°, yield 84%. (Found: Cl, 13.0. CieHi2UNCI requires Cl, 13.1 
per cent). 

4-Hydroxy-2-phenyl-6-methoxyquinoline-—The-acrylate (yield 47.3%) was cyclised 
as usual, The product was crystallised from alcohol, m.p. 306-307°, yield 67%. 
Elderfield et al. (loc. cit.) give m.p. 287-90°. (Found: N, 5.4. Calc. for C,sH,,;ON;: 
N, 5.6 per cent). 

* 4-Chloro-2-phenyl-6-meihoxyquinoline was obtained as usual and crystallised from 
alcohol, m.p. 10g-10°, yield 90%. (Found: Cl, 13.0. C,6H,,ONCI requires Cl, 13.1 
per cent). 

4-Hydroxy-2-phenyl-6-ethoxyquinoline.--The acrylate (yield 57.1%) was cyclised 
as usual. ‘The product was crystallised from alcohol, m.p. 285°, yield 57.3%. (Found: 
N, 5.1. Ci:rH,;0.N requires N, 5.3 per cent). 

4-Chloro-2-phenyl-6-ethoxyquinoline was obtained and crystallised as usual, m.p. 
130°, yield 86%. (Found :Ci, 12.7. C,7H,,ONCI requires Cl, 12.5 per cent). 

4-Hydroxy-2-phenyl-6 :8-dimethylquinoline.—The acrylate ‘yield 54.4%) was 
cyclised as usual. The product was crystallised from alcohol, m.p. 231-32°, yield 
46.3%. (Found: N, 5.5. C;;7H,;ON requires N, 5.6 per cent). 

4-Chloro-2-phenyl-6 :8-dimethylquinoline was obtained as usual, m.p. 81°, yield 
79%. (Found :Cl, 13.4. C;;H,,NCl requires Cl, 13.2 per cent}. 

4-Hydroxy-2-phenyl-5:8-dimethylquinoline.—The acrylate (yield 54%) was cyclised 
as usual. The product was crystallised from alcohol, m.p. 187°, yield 35.0%. (Found: 
N, 5.4. Ci:7H,;ON requires N, 5.6 per cent). 

4-Chloro-2-phenyi-§ :8-dimethylquinoline was obtained as usual, m.p. 80°, yield 
87%. (Found: Cl, 13.0. C,7H,,NCl requires Cl, 13.2 per cent). 

1-Hydroxy-3-phenylbenzo-5 :6-quinoline.—The acrylate (yield 40.5%) was cyclised 
as usual. The product was crystallised from alcohol, m.p. > 300° (decomp.), yield 
31.4%. (Found: N, 5.3. CisH,,ON require, N, 5.4 per cent). It is presumed that 
cyclisation takes place to give the angular compound in accordance with the views of 
Lellmann and Schmidt (Ber., 1887, 20, 3154) and Von Braun and Gruber (ibid., 1922, 55, 
1710). 

1-Chloro-3-phenylbenzo-5:6-quinoline was obtained as usual, m.p. 114-15°, yield 
92%. (Found: Cl, 13.0. C;9H,;NCI requires Cl, 12.8 per cent). 

Further work on similar lines with other 8-ketonic esters is in progress. 

The authors express their gratitude to the college authority for providing facilities 
and the grant for expenses incurred in the work. 
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RAUWOLFININE: A NEW ALKALOID OF RAUIWOLFIA 
SERPENTINA BENTH. PART I. 


By S. Bosk 


From Rauwo fia serpentina Benth a new alkaloid, Rauwolfinine (CjgH »9)Nz, m.p. 235-36°), has 
been isolated. It is laevo-rotatory and contains an: N.Me and a:C.Me group. The methoxy and methy- 


lenedioxy groups are absent in the alkaloid. 


Rauwolfia serpentina Benth. (No. Apocynaceae) is we!l known for its sedative 
and vasodilating properties. Siddiqui and Siddiqui (this Journal, 1931, 8, 667; 1932, 
9, 539; 1035. 12, 37; 1939, 16, 421) isolated nine alkaloids, namely, ajmaline (m.p. 
15S-60°), ajmalinine (m.p. 180-81°), ajmalicine (m.p. 25v-52°}, serpentine (m.p. 158°), 
serpentinine (m.p. 263.65°), isoajmaline {m.p. 264-66°), neoajmaline (m.p. 205-207°), a 
new alkaloid of m.p. 220° and a white crystalline alkaloid of amphoteric character, 
melting at 234°. From the same raw material van Itallie and Steenhauer ‘Arch. 
Pharm., 1932, .270, 313; Pharm. Weekbl., 1932, 69, 334) isolated three alkaloids, 
one of which is rauwolfine, later proved to be identical with ajmaline (Robinson 
etal., Eaper., 1949, 5, 215) and the other bases B and C, supposed to be 
identical with Siddiqui’s serpentine and ajmalinine respectively. Schlittler et al. 
(Helv. Chim. Acta, 1950, 38. 1463; Exper., 10952, 8, 335) isolated so far only 
three alkaloids, viz., ajmaline, serpentine, and a new alkaloid, reserpine (in.p. 263° 
decomp.) which is highly sedative. From the same species of Rauwolfia, the present 
author has isolated besides ajmaline and serpentine, a new alkaloid, rauwolfinine, 
preliminary investigations upon which were reported earlier (Science G& Culture, 1952, 
18, 98). [It needs mention in this connection that rauwolfinine content of R. serpentina 
varies with the sources. Rauwolfinine present in R. serpentina grown in North- 
western part of India replaces ajmaline either partially or wholly, a detailed study of 
which will appear elsewhere]. 

Rauwolfinine (yield 0.02%) forms colorless rhombic plates and melts at 235-36° 
(decomp.). It is optically active and laevo-rotatory. It contains an:N-CH; and a 
: C-CH; groups and two active hydrogen atoms, and is free from methoxy and me- 
thylenedioxy groups. 

The alkaloid rauwolfinine, containing two atoms of nitrogen is a monoacidic tertiary 
base. It produces a crystalline hydrochloride, m. p. 195° (decomp.). Other salts of 
rauwolfinine, viz., picrate, oxalate, picrolonate, perchlorate, chloroplatinate and sulphate 
could not be prepared in crystalline state as yet. 


Further studies on the structure of rauwolfinine are in progress. 


ExPERIMENTAL 


Isolation of Rauwolfinine.—Air-dried, powdered root bark of Rauwolfia serpentina 
‘so kg.) was extracted with aicohol (95%, 30 litres) acidified with 30 c.c. of acetic 
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acid fora week. The deep brown liquid extract was distilled under reduced pressure 
till the volume came down to 300 c.c. The semisolid residue was treated with 600 c.c. of 
cold water, acidified with 1% acetic acid, and was left overnight when a resinous mass 
separated out. ‘The solution was filtered off and extracted with ether and chloroform 
to remove oily and tarry matters. ‘The acid aqueous solution was subsequently basi- 
fied with Na,CO, on cooling in ice water (px of the solution was strictly controlled at 
§-8.5). ‘The base liberated was taken up in ether ‘600 c.c.), washed with water and dried 
(Na,SO,}. The concentrated ethereal solution {200 c.c.) was saturated with hydro- 
chloric acid gas when a sticky muss separated out. The supernatant ether layer was 
decanted off and the brown resinous hydrochloride of rauwolfinine and other bases thus 
obtained were refluxed with absolute alcohol for 3 to 4 hours when colorless crystalline 
hydrochlorides of weak bases separated out, yield 2.13 g., m.p. 228-31° (decomp.). 


The hydrochlorides of weak bases were dissolved in water (250 c¢.c.), acidified with 
0.1% HCl, cooled in ice and made ammoniacal. The white precipitate separating was 
taken up in ether (600 c.c. in 6 instalments). The pale yellow ether extract was washed 
with water, dried over anhydrous sodium suiphate and concentrated (50 c.c.). Ajmaline 
{o.7 g., m.p. 1§8-60°) separating was removed. The ethereal mother-liquor left was 
completely freed from the solvent and the residue on crystallisations from ethyl acetate 
deposited rauwolfinine (0.98 g.), m.p. 231-33° (decomp.) (yield, 0.02%, on the basis of 
the weight of the root bark). Rauwolfinine was purified by several crystallisations 
from ethyl acetate and rectified spirit as rhombic, shining and colorless plates, m.p. 
235-36° (decomp.). 

Rauwolfinine is laevo-rotatory and has [*]‘v, -34.7° (alcohol). [Found: C, 72.71, 
72.33; H, 7.85, 8.04; N, 8.60, 8.78;:NMe, 4.91 ; *CMe, 4.47; active H, 0.66; M.W. 
(by Rast), 319.8. C,oH.O,N, requires C, 72.61; H, 8.28; N, 8.9; :NMe, 4.77; 
: CMe, 4.77; 2 active H, 0.64 per cent. M.W., 314]. 

Rauwolfinine is freely soluble in alcohol and ethyl acetate, less soluble in acetone, 
benzene and chloroform and very sparingly soluble in ether and water. The base does 
not produce ary coloration with ferric chloride in alcohol. It is faintly alkaline to 
litmus and possesses a very bitter taste. Rauwolfinine gives the characteristic colour 
reactions with the following reagents : 


Reagent. Colour reactions. 


Conc. H,SO, Colorless 
Fréhde’s reagent Do. 
K,Cr,07 + conc. H,SO, Brownish red 
Cone. HNO; Rose-red colour which 
final'v fades away. 
Erdmann’s reagent Pink to deep red and 
finally to rose-red. 


The base produces an orange-red precipitate with potassium bismuth iodide and 
a white precipitate with potassium mercuric iodide. 

Rauwolfinine hydrochloride was prepared by dissolving rauwolfinine (0.5 g.) 
in 2N-HCI. ‘The clear solution was allowed to cool when colorless prisms of rauwol- 





RAU WOLFININE 49 


° 


finine hydrochloride, m.p. 195° {decomp.), separated. It is neutral to litmus It 
suffered no loss in weight on drying at 100° for 2 hours in vacuo over P,O;. ‘Found: 
Cl, 9.8. C.,9H,,0,N,.HCI requires Cl, 10.10 per cent). 


The author wishes to acknowledge his grateful thanks to Professor P. Karrer, N.L., 
Universicy of Ziiri.h, for some of the microanalyses, to Dr. (Mrs.) A. Chatterjee for 
suggestions and laboratory facilities and to Mr. S. P. Sen, the Managing Director, 
Bengal Chemical and Pharmaceutical Works Ltd., for the supply of the plant material. 


' 
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REACTIONS OF AROMATIC AMINES WITH ACETYLURETHANE IN 
PRESENCE OF DIFFERENT CONDENSING AGENTS 


By B. P. BANGDIWALA AND C. M. Dgsar 


Aniline has been condensed at 100° with acetylurethane in presence of zinc chloride and mercuric 
chloride to yield the anil-zinc chloride and anil-mercuric chloride complexes. Similar condensations 
have also been carried out with different amines affording various sym-diphenyl-substituted carbamides. 
The same compounds have also been obtaiaed from acetylphenyl-substituted carbamides by treatment 
with H,SO, and PC]. ; 


Shah and Thakor (this Journal, 1919, 28, 251) condensed ethyl acetoacetate with 
aniline in presence of anhydrous zine chloride to give the anil-zinc chloride complex. 
When acetylurethane is heated with aniline in presence of anhydrous zinc chloride on 
a steam-bath, a similar anil-zinc chloride complex is obtained. But on breaking this 
complex with mild alkali, the anil, unlike that of ethyl acetoacetate, could not be 
isolated, as it was unstable (Young and Clark, J. Chem. Soc., 1808, 73, 361). Aniline 
alone also forms such a complex with zinc chloride, but it is comparatively stable and 
is distinguished from the anil-zinc chloride complex by a difference in melting point 
and analysis. A similar complex of acetylurethane and aniline using mercuric chloride 
has also been prepared. 

When, however, acetylurethane and aniline were heated in presence of anhydrous 
zinc chloride at 150°, sym-diphenylcearbamide was obtained. Such sym-diphenyl- 
substituted carbamides have been obtained using o-, m-, p-toluidines,o-,p-anisidines, 
and o- and p-phenetidines, out of which those from o- and p-anisidines and o- and 
b-phenetidines do not seem to have been prepared. Such compounds have also been 
prepared by other methods (cf. Wilm and Wischine, Annaien, 1868, 147, 163 ; Nietzki, 
Ber., 1877, 10, 476 ; Bender, Ber., 1880, 13, 699 ; Bischoff and Hedenstrom, Ber., 1902, 
35, 3437 ; Dieckmann and Kammerer, Ber., 1905, 38, 29823 Die, Ber., 1917, 40, 3742). 


When phosphorus trichloride was used in presence of toluene, acetylurethane and 


aniline gave a mixture of acetylphenylcarbamide and sym-diphenylcarbamide. 

sym-Diphenyl-substituted carbamides could also be obtained from acetylpheny!- 
substituted carbamides by heating the latter with aqueous sulphuric acid on a steam- 
bath. With acetylphenylcarbamide, a series of experiments with different concentra- 
tions of sulphuric acid indicated that the yield of diphenylcarbamide was maximum 
(91%) when the acid was 40%. With increasing acid concentration, however, the 
yield progressively diminished, and when concentrated sulphuric acid was used, the yield 
was practically nil, phenylurea alone being obtained. The same eight sym-diphenyl- 
substituted carbamides were obtained as those with zinc chloride. 


EXPERIMENTAL 


Zinc Chloride Complex: (I) Using Acetylurethane and Aniline.—Powdered fused 
zinc chloride (4.6 g.) was mixed with acetylurethane (4.3 g.). Aniline (3.1.g.) was 
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added and the ingredients properly mixed by slight heating. Considerable heat was 
developed with swelling of the mixture. ‘The mixture was heated in a steam-bath for 
3 hours and the resulting product was ground and washed with water. It was crystallis- 
ed from alcohol, m.p. 248° ‘decomp.), yield 4.1 g. (36.2%). (Found: N: 7.9; Cl, 21.0. 
C,,H,,0,N2, ZnCl, requires N, 8.2 ; Ci, 20.8 per cent). 

It has no sharp and definite melting point. It shrinks at 190°, blackens above 200° 
and actually melts between 248° and 252° with decomposition. Further, the melting 
point was found to vary in a range of 6° with different preparations. On exposure to air, 


the crystais slowly changed colour to pink and there was a peculiar agreeable bmell. 


it is soluble in dilute hydrachloric acid, alcohol and acetone but not in ether or 
chloroform, When boiled with water it decomposes with a smell of aniline. When 
treated with dilute sodium carbonate solution it decomposes yielding aniline. 

(II). Using Aniline alone.—Aniline (3.1 g.) in alcohol and fused zinc chloride 
2.3 g.) in alcohol were mixed when the complex precipitated. It was crystallised from 
alcohol, m.p. 267-68° (decomp.). (Found: N, 8.5 ; Cl, 22.3. 2CsH,NH., ZnCl, requires 
N, 8.6; Cl, 21.9 per cent). It does not decompose with dilute sodium carbonate 
solution even when boiled. On boiling with sodium hydroxide, however, it decom- 
poses. 

Mercuric chloride complex was similarly prepared in 40.3% yield. Above 180° 
it turns brownish, then blackens with decomposition, but dozs not melt. (Found: N, 
5.8; Cl, 14.6. C,,H,,O,N:2, HgCl, requires N, 5.9; Cl, 14.8 per cent). 

Reaction of Acetylurethane with Aromatic Amines in presence of Zinc Chloride at 
150°: General Method.—A mixture of acetylurethane (8.7 g.) and powdered fused zinc 
chloride (9.2 g.) was gently heated to 70° till all acetylurethane melted. Aromatic amine 
(M/15; was then added and the temperature raised to 110° and the mixture heated 
for 15 minutes. By this time the swelling had already commenced. The temperature 
was raised to 150° and the mixture heated till the swelling subsided fully and the pro- 
duct turned solid and sticky. After cooling, water (30 c.c.) and glacial acetic acid 
(12 c.c.) were added and the mixture warmed to dissoive zine chloride. The insoluble 
product, sym-diphenyl-substituted carbamide, was filtered, washed with water and crystal- 
lised from alcohol. The yields, melting points and the results of analysis are shown 
in Table I. ‘ 

TALE 1 


sym-Diphenyl- lp. Formula. % Nitrogen. Yield from acetyl- 
y g 
substituted Found. Calc. phenyl-substituted 
carbamide. carbamides 


Unsubstitated % C),Hy,N,O j 91.0% 
o-Tolyl C\,;HigN,O j 87 2 
m-Toly] CisH)6N,O 79.7 
p-Tolvl C),HgN,O 5 < 81.0 
o-Anisyl . CisH \¢0,04 . 55-7 
p-Anisyl F C);H6N,O3 82.8 
o-Phenetyl Cy7H ~N,03 61.0 
f-Phenetyl Cy7HygN203 9. 72.0 
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Reaction of Acetylurethane with Aniline in presence of PCl,.—Acetylurethane 
(13.1 g.) was dissolved in toluene (1ooc.c.) and aniline (9.3 g.) was added to it and 
the mixture heated on a steam-bath for 1 hour. After cooling the mixture, PCI, 
(2.9 c.c., 0.033M), dissolved in toluene {20 c.c.), was added dropwise over a period 
of 15 minutes. The mixture was then refluxed in an oil-bath for 4 hours at 130°. 
After cooling, it was neutralised with 10% sodium hydroxide and the toluene removed 
by steam distillation. The boiling solution was immediately filtered. 

(i) The residue was crystallised from alcohol, m.p. 236°, undepressed by a specimen 
of sym-diphenylcarbamide, yield 4.2 g. (42.8%). 

(ii) The filtrate on cooling gave acetylphenylcarbamide (2.1 g.). It was crystallised 
from alcohol, m.p. 183°, undejressed by a specimen of acety/phenylcarbamide, prepared 
from acetylurethane and aniline by the method of Young and Clark ‘loc. cit.). 

Reaction of Acetylphenylcarbamide with H,SO,4.—Acetylphenyl-substituted carba- 
mide {3.0g.) was heated with 40% sulphuric acid (30c.c.) on a steam-bath for 15 


minutes. It was cooled, neutralised and washed fre of alkali. It was crystallised from 


alcohol. Melting points and mixed melting points with sym-diphenyl-substituted carba- 
mides were identical. The yields are given in the last column of Table J. 
The authors express their gratitude to ihe college authority for the necessary grant 


and the facilities provided during this work. 
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CONDUCTOMETRIC STUDIES ON THE COMPOSITION OF BERLIN 
GREEN (FERRIC FERRICYANIDE COMPLEX) 


By R. S. SAXENA AND A. K. BHATTACHARYA 


Comp »sition of Berlin Green has been studied by the conductometric titrations between ferric 
chloride and potassium ferricvanide at several concentrations, both by the ditect and the reverse methods, 
The titrations have been carried out in aqueous and aqueous-alcoholic media The intersections in 
the curves take place at a point where the ratio of non-ionisable iron: ionisable iron = 1 corresponds to 
the formation of the compound Fe"! [ Fett (CN)g]. 


In continuation of our previous publication on the composition of Berlin Green by 
thermometric method (this Journal, 1952, 29, 263: its composition has been dete:mined 
by conductometric method and the results have been included and discussed in this 
paper. 

EXPERIMENTAL 


‘Analar’ (B. D. H.) reagents were used. Ferric chloride solution was standardised 
against dichromate using diphenylamine as an internal indicator in the presence of 
phosphoric acid. Standard solutions of potassium ferricyanide were prepared by 


direct weighing and the strength was further checked by iodimetric titrations in presence 
of zinc sulphate (Cumming and Kay, ‘‘Quantitative Analysis’, p. 160). 


Conductivity water was used for the preparation of standard solutions and further 


dilutions. ‘The conductivity was measured by Kohlraush Universal Bridge (W. G. 


Pye, Ltd.). A small induction coil 
. Fic. 1. 
was used as a source of alternating 


current in the circuit and the point Direct titration. 





of balance was measured by the 


minima of sound in the head phone. 


am CONDUCTANCE Kid (nox) 


The titration cell was immersed in a 
thermostat to control the tempara. 
ture within +1°. The conductance 


obtained after each addition was cor- 





rected for the dilution effect by mul- 
tiplying the observed conductance 


by V/20 (where V represents the tota ae. 
1 Mi4 Fell, apven To Mi20 KaFe(endc Inc-e—> 


volume of the solution and 20c.c_ , . ‘cael 
° ' 3 s > c 











is the volume of the reactant taken 
in the cell) ; (Davis, ““The Conductivity of Solutions’, p. 238). Curves were plotted 
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between the corrected conductances, so obtained, and the volume of the titrant. The 


vl . * 
Fic. 2. equivlance points were obtained by 
the intersections of the portions of 





the titration curves. Using different 
concentrations of the two salts in 
solution the titrations were followed 
by the direct and the reverse methods 


[i.e. when FeCl, is taken in the 





burette and K,Fe(CN), in the cell 


\ Cory. Conductance « 13 (mheos> 





and vice versa]. ‘The titrations were 
Mito FeC@, ADDED To Mo Kae Cen Inc-e~s also carried out in the presence of 


$ 3 = t alcohol up to a total concentration of 











20% by volume. 


TABLE I 


Summary of the results of conductometric titrations. 
Points of equivalence. 

K3Fe(CN)¢. Aqueous solutions. 
Calc. Observed. Calc. Observed. 


Alcoholic solutions. 


Direct titrations 
4.0 C.C. 4.35 ¢.c. 3-6 c.c. 3.80 cc. in 1¢% alcohol 
3.2 3-25 20% 
5.0 5.30 4-5 4-65 10% 
4.0 4.05 20% 
Reverse titrations. 
3-65 3.60 3-40 10% 
3-20 3-15 20% 
6.00 5.76 5 50 10% 
5.12 *  §.00 20% 


DiscUSSION 


Considering the strength of solutions of FeCl, {(M/4) and K,Fe(CN), (M/2o!, the 
theoretical titre values required for 20 c c. of K,Fe(CN), for the formation of the more 
probable compound Fe™ [Fe™(CN),] in direct titration would be 4.0 c.c. of FeCls. 
The theoretical titre values for the reverse titrations can be calculated accordingly. 

It is clear from Table I that in the case of direct titrations, the observed titre values 
in aqueous medium are slightly higher than the calculated values, while in the reverse 
cases they are slightly lower than the theoretical ones. The discrepancy between the 
observed and the theoretical values can be explained on the tendency of the compound 
formed to hydrolyse. The potassium ferricyanide, thus released, would react with 
more of ferric chloride with the result that the titre values in aqueous solutions would 
be greater in the direct titrations and less in the reverse titrations. 
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This discrepancy can also be explained on the basis of adsorption of Fe** and 
Fe(CN),*~ ions by the precipitated FIG. 3. 
complex. The effect of addition Reverse titration. 


of alcohol in increasing amounts in 





direct titrations is to decrease gra- 
dually the observed titre values; in 
the reverse titrations an increase is 
observed under the same conditions, 
Alcohol suppresses hydrolysis and 
adsorption, and hence, a closer app- 


roach to the theoretical titre values Mia Kafe (ene ADDED To Mite Feee 
inc¢-¢.—> 
z . 5 s 














is envisaged in the experimental 

results. 
The discrepancy between the observed and the calculated titre values (Table 1) 
FIG. 4. in aqueous medium and the subse- 


quent change when the titrations are 





performed in aqueous-alcoholic me- 
dium, supports our veiws on hydro- 
lytic and adsorptive behaviour of 
such complexes (this Journal, 1051, 
28, 142, 221, 703; 1952, 29, 520, 263, 
748, 535, etc.). The quantitative 
studies on adsorption and hydrolysis 


M8 KaPelenic ADDED To Mins Fe Ce, Inc.c> have been carried out and the re- 
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t z r3 7] io sults will follow shortly. 


The results of conductometric titrations are in conformity with the conclusions 


of the authors in the thermometric investigations (loc. cit.). 
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PHYSICO-CHEMICAL STUDIES ON THE COMPOSITION OF COMPLEX 
RARE-EARTH FERROCYANIDES. PART I. COMPOSITION OF 
CEROUS FERROCYANIDE COMPLEX 


By Ram SAHAI SAXENA 


The composition of cerium (cerous) ferrocyanide has been studied by conductometric, potentiometric 
and thermometric titrations between cerous nitrate and potassium ferrocvanide ut different concentrations 
of the reactants, in aqueous and alcoholic solutions. The results of different physico-chemical methods 


support the formation of the complex KCe[Fe(CN)g]. 


There is hardly any reference in the literature on the study of cerous ferrocyanide 
by physico chemical methods. Atanasiu (Compt. rend., 1926, 182, 519) investigated 
the reactior between cerous nitrate and K,Fe(CN)., potentiometrically, but his con- 
clusions were undecisive. Due to the adsorptive property and hydrolysable character 
of cerous ferrocyanide (Spacu, Z. anal. Chem., 1936, 104, 119) analytical methods have 


not so far afforded any conclusive result. 


In previous publications (this Journal, 1951, 28, 141; 221; 703; 1952, 29, 263, 284, 
529, 535, et seq.) the composition of ferro- and ferricyanides of heavy metals has been 
studied by physico-chemical methods which have given more conclusive evidences on 
their composition. In the present series of investigations, attempts have been 
made to study the composition of the complex ferrocyanides of the rare-earths 
such as Ce, La, Nd, Pr etc. and other rare eleraents like In, Ga. The present paper 
contains the author’s observations on cerous ferrocyanide complex only. 


EXPERIMENTAL 


Conductometric Titrations 


The reagents used were of A.R. {B.D.H.) quality. Conductivity water was used 
for the preparation of standard solutions and further dilutions. The conductances were 
mearsured in the same manner, as also the point of balance and correction for dilution 
effect, as described by Saxena and Bhattacharya (this issue, p. 53). Curves were plotted 
between the corrected conductances so obtained and the volume of the titrant. 
The equivalence points were obtained by the intersectioans of the titration curves. 
Using different concentrations of the salts in solution, the titrations were performed 
both by the direct and the reverse methods. Titrations were also carried out in 
the presence of alcohol up to a total concentration of 30% by volume. As all the curves 
were similar, only one representative curve in each case has been given. The results 
of conductometric titrations have been summarised in Table I (Figs. 1 and 2). 
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Fic. 1 
Direct titration. 
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TABLE I 


Points of equivalence. 


Ce(NO3)3. K3FeiCN)s. Aqueous solutions. Alcoholic solutions, Formula 
supported. 


Cale. Obs. Calc. Obs. 
Direct titrations. 
5.36 c.c. 4.5 ¢.c. 4.95 c.c. in 10% alcohol 
4.0 4-10 ( KCe[ Fe(CN)g] 


3:5 3-55 
5.40 5-70 : 
4.8 5 00 KCef Fe(CN)¢] 
4.2 4.30 

Reverse titrations. 


3-60 3-40 

3-20 3.05 KCe[Fe(CN)¢] 
2.75 
4-15 
3-70 KCe[Fe(CN)g¢] 


3.40 
8—1851P—1 
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FIG 2 a 


Reverse titration. 
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Potentiometric Titrations 


The composition of cerous ferrocyanide has been studied using ferri-ferrocyanide 
electrode. According to the equation Fe(CN)/Y === Fe(CN)™ + O, the oxidation 
potential of the ferricyanide-ferrocyanide electrode is given by 


[Fe(CN), ]*~ 
[Fe(CN),*~ 


E = E,+ 0.059 In. at 25°. 
Solutions of Ce(NO;), were titrated against K,Fe(CN), at several concentrations. The 
reverse titrations only [when K,Fe(CN), from the burette was added to Ce(NO,), in 
the beaker] gave satisfactory results. Fe(CN),’~/Fe(CN,)*~ electrode was prepared 
by adding 1% solution of K,;Fe(CN), to K,Fe(CN), solution (Galetti, Bull. soc. chim., 
1864, #i, 2, 83; Z. anal. Chem., 1865, 4, 213). In the titration of Ce(NO,), with 
K,Fe(CN),, so long as there isan excess of Ce** ions in solution, the concentration of 
the ferrocyanide is small, and so the potential of the electrode is high. Near the equiva- 
lence point, when the cerous ions are quantitatively precipitated, the next drop of ferrocy- 
anide added to cerous nitrate causes an increase in Fe(CN),*-, .and hence, a decrease 
in the oxidation potential occurs The point of equivalence can therefore be read from 


the curves, 
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In all the titrations K,Fe‘CN), containing 1% K,Fe(CN), was used (Kolthoff and 


FIG. 3 Furinan, “‘Potentiometric Titrations’’). Electrode used 







t was of platinised platinum foil (Muller, Z. physikal. 






Chem., 1914, 88, 44) and it was used in conjunction 





with a saturated calumel electrode. ‘The titrations 








were also carried out in presence of alcohol up to 





a total concentration of 30% by volume. Curves 






Were plotted between the volume of the ferrocyanide 











added and the Ejots.), and from the fall of the curves 





the equivalence point could be found out. All curves, 






being of similar nature, only one representative curve 






has’ been shown in Fig. 3. 
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Summary of results of potentiometric titrations in 






and aqueous-alcoholic media is shown in 
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Points of equivalence (obs. from curves). 
Ce(NO3)3. Aqueous, solutions. Alcoholic solutions. 
Obs. Calc. Obs. 





KyFe(CN)¢. : 





Cale. 






e I. M/2 M/t0 4.0 ¢.c. 3.60 €.c. 3.60 c.c. 3-40 c.c. in 10% alcohol 
| 3-20 3.10 20 
7 2.80 2.75 30 











4-5 435 10 
4.0 3-95 20 
3-5 3-50 30 
















5-40 5-25 1o 
4.80 4-70 20 
4.20 4.10 30 














7.20 6.90 10 
6.40 6.30 20 
5.60 5.60 30 


4. M/40 M/100 8.0 7.60 











Thermometric Titrations 






The arrangement for the thermometric titrations was similar to that adopted by 
Halder (this Journal, 1946, 28, 157). Both cerous nitrate and potassium ferrocyanide 


were alternately used as the titre. The titrations were also performed in presence of 
The total rise of temperature recorded after each addition 






alcohol as in other cases. 
was then plotted against the titre in c.c. 
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FIG. 4 


Direct thermometric titration. 
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Summary of the results of thermometric titrations (Figs. 4 and 5) are shown in ‘Table III. 


Ce(NOs)5. K,Fe(CN)¢ 
Cale 
M/1.5 M/4 7.5 c.c 
M/4 M/10 8.0 
M/2.5 M/1 8.0 
M/S M ‘2.5 4.25 


TABLE III 


Points showing breaks. 


Aqueous solutions. 


Obs. 


Alcoholic solutions. 


Calc. 


Direct t trations. 
7 00 ¢.c. in 10% alcohol 


6.75 C.c. 
6.co 
5-25 


7.9 C.c. 


8.40 7-20 
6.40 
5.60 


6.10 
§-30 


7-35 
6.50 
5.60 


Reverse titrations. 


7.60 7.2 
6.4 
5.6 


5.g0 5.62 
5.00 


1-37 


6.95 
0.30 


5-60 


5-45 


4.90 


4-35 


20 
30 


10 
20 
30 


Obs. 


Formula 
supported. 


KCej Fe(CN)¢ | 


KCe[Fe(CN)¢] 


KCe[ Fe(CN\g 


KCe[ Fe(CN)¢]} 
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Fic. 5 


Reverse thermometric titrations. 
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DrscuSSION 


From the strenghts of solutions of cerous nitrate (M/5) and K,Fe(CN), (M/20), 
the calculated titre equivalents for the formation of more probable compounds are given 


below. 
Formula 
Cey[Fe(CN)¢]3. KCe[Fe(CN)g]. 


6.6 ¢.c. 5.0 C.c. 


1. ‘Titre values for 20 c.c. of M/20 KyFe(CN)¢ 
(M/s cerous nitrate solution) 


in direct titration. 
3.0 C.c. 4.0 C.c 


2. Titre values for 20 c.c. of M/40 
(M/8-K4Fe(CN)¢ solution) 


cerous nitrate in reverse titration. 


The titre values required for the formation of the above compounds, employing 
different concentrations of reactants, can be calculated accordingly, both in the case of 
direct and reverse titrations 

The conductometric and thermometric titration curves yield only one point of inter- 
section and the observed titre values (Tables I and III) in the case of direct and reverse 
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titrations approximate to the theoretical values required for the formation of the com- 
pound KCe[Fe(CN),]. The possibility of the formation of the compound Ce,[Fe(CN).], 
in thus ruled out on the basis of conductometric and thermometric results. 

The potentiometric titration curves (vide Table II) give only one point of equivalence 
in support of the formation of the compound KCe[Fe(CN),] where the molecular ratio 
of the reactants is as 1:1. It is further to be noted that the points of equivalence in 
aqueous medium are slightly lower than the theoretical values required for the formation 
of the above compound. Kolthoff and Furman (ioc. cit.) and Muller and Takagami 
(Z. anal. Chem., 1928, 78, 284) also observed that the maximum leap did not occur at 
the theoretical point of equivalence. 

It will be clear from the tables (I-III) that in the direct titrations, the observed titre 
values are slightly higher than the calculated ones, whereas in the reverse titrations 
the observed points of equivalence are slightly lower than the calculated values for the 
formation of KCe[Fe(CN),]. By the addition of alcohol in increasing amounts the 
observed titre values gradually approach the calculated points of equivalence in both 


cases. At a concentration of 30% alcohol the observed and the calculated titre values 


almost exactly coincide. 

The discrepancy between the observed and the calculated titre values (in direct and 
reverse titrations) in aqueous medium, and the subsequent change, when the titrations 
are performed in alcoholic medium, support our view on hydrolytic and adsorptive 
behaviour of such ferrocyanide complexes (cf. Saxena and Bhattacharya, previous publi- 
cations, this Journal). 

On hydrolysis cerous ferrocyanide would release some Fe'CN),‘~ which will con- 
sume some extra amount of cerous nitrate, however little it may be, and hence, the 
amount of cerous nitrate required will be slightly greater than the caiculated equivalent 
when the titrations are carried out in aqueous medium by the direct process [{‘Ce(NOs); 
added to K,Fe(CN),]. And conversely in reverse titrations, a slight decrease in the 
titre values from the calculated equivalent will be observed in aqueous medium. ‘The 
presence of alcoho] helps to check the hydrolysis, and hence, a closer approach to the 
calculated values is envisaged by the experimental results. 

The discrepancy between the observed and the calculated titre values can also be 
explained on the basis of adsorption of Ce** and Fe/CN),‘~ ions by the precipitated 
complex. In case cerous ferrocyanide has a tendency to adsorb more cerous ions than 
ferrocyanogen ions, similar phenomena, as recorded above, are likely to take place, 
Quantitative adsorption of Ce** and Fe(CN),‘~ ions by the complex and the effect of 
hydrolysis have been studied and the results will be communicated shortly. 

The results ot various physico-chemical methods support the formation of only’ one 
compound KCe[Fe(CN).] allowing for factors such as adsorption and hydrolysis. 

Grateful thanks of the author are due to Dr. A. K. Bhattacharya, D.Sc., Head of 
the Chemistry Dept., Agra College, for his helpful guidance and keen interest 
in this investigation. 
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DEPENDENCE OF ACTIVITY OF SOLVENT IN SUPERSATURATED 
AQUEOUS SOLUTIONS OF ELECTROLYTES ON TEMPERATURE 


By A. C. CHATTERJI AND R. P. RAstoG1 


Vapour pressure method has been used to determine the activity of solvent in concentrated and 
supersaturated solutions of electrolytes. An expression for activity is derived which takes into account 
the non-ideal nature of solvent vapour. It has been observed that in solution of hydrated salts, the 
aclivity increases rapidly with temperature. In other cases it either decreases very slowly cr remains 
stationary. The observed facts have been expiained by theoretical considerations. 


The study of activity in soiutions and mixtures has been made primarily to measure 
the deviation from ideal behaviour ‘cf. Scatchard and co-workers, J. Phys. Chem., 1930, 
43, 119; J. Amer. Chem, So:., 1952, 74, 3721). Activity of benzene in solutions of 
diphenyl has been recently determined by Baxendale and others (Phil. Trans. Roy. Soc., 
1951, 243, 169) taking the imperfect nature of benzene vapour into consideration. 
We are not interested in measuring or calculating small departures from ideality, as 
the solutions of electrolytes are markedly non-ideal. The present study was initiated 
in connection with the vapour pressure studies of suj ersaturated solutions (this Journal, 
1051, 28, 508; 1953, 30, 52) by the present authors as it was thought desirable to examine 
the temperature dependence of activity of solvent in supersaturated solutions in order 
to throw light on the extent of molecular aggregation in supersaturated solutions. 


ExPERIMENTAL 


Among all the methods for measuring activity of the solvent, the vapour pressure 
method was found to be the most convenient for our purpose, since other methods could 
not be successfully applied to the particular case of supersaturated solutions. The 
vapour pressure can be readily measured by the dew-point method as followed by 
us earlier ‘ibid., 1951, 28, 507). The chief advantage of this method i;-that equilibrium 
between vapour and solution is attained readily and. it is not necessary to evacuate 
the vessel completely. Moreover, traces of air in the -olution are immaterial. It may 
be interesting to point cut its limitations also. Its applicability to non-aqueous systems 
is doubtful. It cannot be so accurate in dilute and less concentrated solutions. How- 
ever, in the present case, we have studied concentrated aqueous solutions, and hence, 
these limitations do not affect the present investigation. The dew-point was determined 
in the usual way at various temperatures correct to +0.05°. The measurements 
were made ata higher temperature at first and graduaily the temperature was lowcred 
to supersaturation range. ‘The saturation pressure of water at the temperature of for- 
mation of dew gives the partial pressure of water (soivent) at the temperature of the 
thermostat. The ratio of this pressure to the saturation pressure of water at the ther- 
mostat temperature gives the activity of water at that temperature. That this is true 
even in the case of solutions of electrolytes has been shown below. 
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TABLE I 
Obs. ?,° Mean Standaid pi; a. Obs. Mean Standard h) 
temp. (mm.). dew-pt. deviation. (mm.). tem (mm.). dew-pt. deviation. (mmm.). 
P 
Sodium acetate (128 g. in 109 g. HyO). Potassium acetate (332.3 g. in 100 g. water, 
30° 31.82 25.0° + .04472 23.76 0 746 aa 42.18 8.0' + 06160 8.04 
35° 42.18 29.9" + 02888 31.64 0.753 40° 55-32 12.2° + 04715 10 66 
40° 55.32 356° + .02643 13-60 0.788 45° =1.88 169° +.04472 14.44 
45° 71 88 40.8° + .03780 57-72 0.803 50° 92.51 22.8° +.03535 20.82 
55° 11804 274° = +.05 27.37 
Tartaric acid (185 g. in 100 g. water). Resorcinol (180 g. in 100 g. water). 
35° 42.18 28.55° +.02643 29.36 0.692 25° 23.76 21.85° +.04715 19.64 
40° 55-32 33-8c° +.02888 39 45 0.713 30° 31.82 26.70° +.02888 26 27 
45° 71.88 39-25° + .03780 53-14 o 738 40° 5561 37.0° +.02500 47.07 
50° 92.51 44-35- + .03535 69.50 0.758 45° 71.88  43.20° +.03780 65.48 
55° 118.04 49-95 + .04472 92.30 0.780 
Sodium chlorate (13 9 g. in 100 g. water). Calcium nitrate (260 g. in 10 g. water’. 
35° 42.18 27.0° + .03780 26.74 0.634 30° 31.82 5.8°  +.03535 6.92 
4o° 55.61 32.3° + .0000 36.07 0.655 4o° 55-61 14.8° +.04715 12.62 
45° 71.88 37-5: + 03535 48.36 0.673 50° 9251 23.6° +.02643 21.85 
55° 218.04 47-9 +.0316: 83.29 0707 50° 14938 328° - + 03535 37-3! 
Barium bromide (109 g. in 100 g. water). Strontium bromide (167 g. in 1co g. water). 
35° 42-18 27.9° + .02500 28.19 0.668 35° 42.18  27.3° + .03780 27.21 
40° 55.61 33.0" + .02888 37-73 0.682 40° 55-61 32.4° + .02643 35.48 
45° 71.88 38.2 +.05 50.23 0.698 45° 71.88 37.5° +.94715 48.36 
58° 118.04 49.0 + .04082 88.02 0.748 55° 118.04 47.65" +.06160 82.25 
Calcium chloride (130 g. in 100 g. of water). 
45° 71.88 26.1° + .03535 25.36 0.353 50° 9251 31.9° + .03162 35-46 
55° 118.04  37.0° +.04082 47.07, -0.3g9-S 60" 149.38 = 42.2° +.07220 92.14 
TABLE II 
Obs. “Yl Mean Standard /); Activity Obs. p,° Mean Standard pi 
temp. (mm.). dew-pt. deviation. (mm.). a,. temp (mm.). dew-pt. deviation. (mm.). 
Ammonium chloride (45.8 g. in rou g. water). Pot. thiocyanate (265.1 g. in 100 g. water). 
35° 42.18 29.25° +.04715 30.48 0.724 25° 23.76 11.55° + 42643 19.21 
4o° 55.01 34.10° +.04472 40.12 0.727 30 31.82 16.0 ° + 04715 13 63 
15° 71.88  39.05° +.05000 52.61 0.731 35° 42.18 20.10° +.02643 17.64 
50° 92.51 43-95° +.06160 68.13 0.736 40° 55-32 25.00° +.06160 23.76 
; 45° “1.88 29 90° + o5r00 37.64 
Urea (210 g. in 100 g. water). Ammonium bromide (gs.« g in 100 g. water). 
35° 42.18 30.50" +.03780 32.75 0.776 35° 42.18  26.5° + .0500 30.92 
45° 7188 40.00° +,.04082 55-61 0.766 40 55-32 33-9" +.04715 39.67 
so’ 92.51 44.65" +3535 70.59 0.760 45° 71.88 388° +.02643 57.60 
. 50 92.5I 43.7° + .03162 67.20 
Potassium chloride (35.5 g- in 100 g water). Potassium bromide (67.7 g in 100 g. water). 
20° 17.53 17-6° +.03535 15.09 0848 25° 23.76 21.85° +.04715 2650 
25° 23-76 22.25° +.03162 2C.13 0.847 30° 31.82 26.75" + .03780 19.6 
3o° 31.82 265° +.02500 25.96 0849 35° 4218 431.7° +.02643 14.21 
Potassium iodide (152 g. in 100 g. water). Ammonium su!phate (78 g. in 100 g. water). 
35° 42.18 28.8° + .02888 29.70 0.720 35° 4218 39.3° +e0ege pogo 
40° 55-32 33-3° +-04082 39.35 0.711) 40® 55.32 35-4" +.03535 43.36 
45° 71-88 386° +.04715 51-05 9.711 45 71.88 40.5" +.03780 = 56.81 
go” 92.51 435° +.-06160 66.51 0.735 50° 92.51 45.6 $.¢7220 74:12 
Sodium bromide (97.3 g. in 100 g. water). 
25° 23.76 20 0° + .03162 17.53 0.737. 45° 71.88  37.5° +.05000 48.36 
35° 42-18 29.8° +.06160 31.46 0.743 50° 92.51 32.4°  +.04082 62.80 


0.634 
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Regardless of the ionic species present in the solution, the chemical potential of 





the solvent in the vapour phase is given by 
pf, =p,°’+RT log p, + P {B,,—x# (B,,—2B,,+B,,)} ai a 
, “Thermodyna- 








neglecting virial coefficients higher than the second (cf. ‘“Guggenheim’ 
mics’, North Holland Pubiishing Company, 1951, p. 178). 4,’ is the chemical potential 
of the solvent in the vapour pliase, »,°’ is a constant depending on temperature ; p, 







atid P are respectively the partial pressure of the solvent and the total pressure. B,, 





takes into account the interaction between the pair of solvent molecules, B,, takes 
into account the interactions between the pair of solute molecules, while B,, accounts 
for the interaction between solvent and solute molecules. The chemical potential of 
the solvent in a non-ideal solution is given by (for solution phase) 

uw, = pi + RT loga, ids ins —< & 







where »? is a constant depending on both temperature and pressure, and a, is the 
Since at equilibrium #, = p»,’, we have 





activity of the solvent. 









RT log a,/p, = #}’— BP + P {By — x9 (Bu — 2By. + B..)} vee (3) 









The value of the factor (uj’—sj ) can be found by using the condition that when 
b,=pj , the pressure of the pure solvent, a,=1. Substituting the value of the constant 





factor thus found in eq. (3), we have 






RT log a,/p, = RT log 1/p{ — x,” ‘By, — 2B,, + Bo) + P.By vw & 
But in our case the solute is non-volatile, hence x,=0, and we have 
RT log a,/p,; = RT log 1/p$ + P.B,, sas ~~ 
If we neglect the second virial coefficient, we have the simple relation 
a, = p,/p,° _ dee a 





In the above tables we have recorded the values of dew-point at only one concen- 
tration of the clectrolyte for various temperatures. The standard deviations were 
calculated by the method of least squares and the values range from 0 to 0.0722. The 
last column of the tables shows the value of activity. 







DISCUSSION 







The results clearly show that solutions of substances classed in Table I have 
got positive temperature coefficient of activity, while solutions classed in Table II 
have either zero or negative temperature coefficient. 

For an ideal system the activity a,=p,/p,° is independent of temperature since 
it is equal to mole-fraction of the solvent. But the ideal solutions are exceptions rather 
than the rule. The deviations from ideality may occur due to (i) association of solvent 
molecules, (ii) association of solute molecules, (iii) compound formation between solute 
and solvent molecules and (iv) dissociation of solute molecules. Hence, these factors 
will obviously determine whether the activity will decrease or increase with rise in 
temperature. Tbe effect of each factor separately on the sign of da,/dT is discussed 


below. 
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Case I. Solvent Molecules alone Associated 


Let us take a system consisting of two components A and B, where A is the solvent. 
T,et the solution contain mn, g. moles of A and n, g. moles of B. Let us assume that 2x 
g. moles of A have associated to form x g. moles of dimers. ‘Then the number of single 
molecules of A remaining undissociated is n,-2x, and the total number of g. moles in 
the mixture is 
my —-2xtxtn, = nyt+n,—-x —_ ant ue (9) 
The partial pressure of any component is proportional to the escaping tendency of 
the molecules and the molar fraction in the solution. If itis assumed that the escaping 
tendency of solvent molecules is unaffected by the presence of solute molecules, then 


Ny xX 
Pa = 1% ~ * we (8) 


$,° na +ng—-x 


If, however, the associated molecule is a 1-mer instead of a dimer, the activity is 
given by 
_ m—(r—1) 2 
a, — : ee. “ee ere (g) 
n, + N3—(4¥—1)x 





(cf. Glasstone, “Recent Advances in General Chemistry’’, p. 251). Differentiating with 
respect to T we have from (8) and (9) 


da, __ nN» dx 


dT (nytn,—x)?) aT (10) 


a 
; (x1) 


__(r—1)n, dx 


> 


aT (n, +mg—-1—-1.X 


It can be seen from above that numerators and denominators in the right hand 
side of equations ‘10) and ‘11) are positive. Now, since the numbcr of associated 
molecules decreases with temperature dx/dT is negative, and hence, the sign of da,/dT is 
positive. It can be concluded from above that greater the complexity of the molecule, 
the greater is the value of da,/dT’. 


Case Il. Solute Molecules alone Associated 


Let us suppose that x g. moles of r-mers have been formed due to association of 
molecules of B. Then the number of g. moles of single molecules of B is n,—r.x and 


the total number of g. moles in the mixture isn,+n,—r—1.x. Hence. 


dx 
ait ed, : Sah spoil 
and aT 12) 


Since the number of associated mulecules decreases with temperature, dx/dT is negative 
and r>1, the sign of da,/dT is negative. It can also be seen that the value of da,/dT 
is greater, greater the complexity of the molecules. 
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Case III. Compound Formation between Solvent and Solute 






Suppose in the mixture xg. moles of A and x g. moles of B are used up in the 
formation of x g. moles of acompound AB. Then the total number of moles present 
in the mixture is (n,—x)+(n,-—x)+x. If Raoult’s equation is assumed to be obeyed 







by the molecules present then, 






a oi 
a,=—_—_— 





%,>+Rsg—2 










da, ___ __™s dx 
dT (n,+n,—x)? °° dT 





and 






Since the compound breaks up as the temperature is raised, dx/dT is negative and 






consequently da,/dT is positive. 


Case IV. Dissociation of Solute (Electrolyte) 






If we assume that x g. moles of solute are dissociated into two ions and the electro- 


lyte is univalent, then provided that no other factors are operating, it can be shown that 







ai nN, 
a, = —————___ 
n,+n,t+Xx 








Obviously, as the temperature is raised, a, will decrease because x, the degree of dissocia- 
tion, increases. Same would be true of the solution of any other class of electrolyte. 
In cases where more than one factor is present, the predominant one will determine 






the sign of da,/dT. 
Let us apply these ideasto explain our results. In the systems in Table I, the 






following factors may be responsible for departure from ideality : 





(i) Water molecules are known to be associated and they break up as the tem- 





perature is raised. 
‘ii) The substances in question form hydrates and these break up as the tempera- 






ture rises. 
(iii) Dissociation of solute (electrolyte) occurs and is favoured by rise in temperature. 






There is one other important factor which must be taken into consideration simul- 
taneously. The number and complexity of water molecules are known to be diminished 
in presence of electrolytes due to depolymerisation of water molecules (cf. Sutherland, 
Phil. Mag., 1900, 50, 481; Applebey, J. Chem. Soc., 1910, 91, 2000). That may simply 
mean that the effect due to breaking up of the associated water molecules would not be 
so pronounced as it would have been otherwise. We have seen above that the activity 
increases with temperature when associated solvent molecules or hydrated molecules 
break up as the temperature is raised. Thus the effect of the first two factors is to 
reinforce each other. The increased dissociation of the electrolyte with rising tempera- 
ture has the reverse effect of decreasing activity with temperature. It appears that the 
effect of the first two factors masks that due to dissociation of electrolyte, hence probably 
da,/dT is positive in such cases. 
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For systems classed in Table II, the following factors play a decisive role in 


determining the sign of da,/dT: 


(i) The association of solvent molecules 


(ii) The dissociation of solute molecules. 


The effect of (i) is weakened by the depolymerisation of water molecules. We 
have seen above that the effect of these two is in the opposite directions. ‘The associa- 
tion of solvent molecules increases activity with rise in temperature, while the dissociation 
of solute molecules diminishes it with rise in temperature. It appears that in the systems 
of the second category, these two effects are just balancing each other, and hence, 
da,/dT is approximately zero. It becomes negative in a few cases when the effect due 
to dissociation of solute predominates. 
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MECHANISM OF AMINE-NITROUS ACID INTERACTION : A KINETIC 
STUDY OF THE REACTION BETWEEN METHYLAMINE AND 
NITROUS ACID AND AMYL NITRITE 


By R. H. SAHASRABUDHEY, RANBIR SINGH AND (Miss) VASUNDHARA 


It has been shown that MeNH,j reacts in feebly acidic media with amyl nitrite at a rate higher than 
that with nitrous acid. In view of the fact that under conditions of the experiments amy] nitrite 
exists predominantly in the molecular form, it is suggested that its reaction (and also that of nitfons. 
acid) with amine occurs between the -NH, group of the latter and undissociated molecules HNO, or 
AmONO. The HNO; or AmONO molecules initially co-ordinate a proton and form (HONOH)* and 
(AmONOH)* ; these react at a mesurable rate with the uncharged amine molecules forming the reaction 
complex lr HONOH i HONOAm4* 

| R.NH; ] - | = Sem, ] 
which decomposes immediately into ROH + Nz + H,O or AmOH and + H*. Dusenbury and Powell's 
mechanism has been critically examined and shown to be untenable. 


Kinetics of methylamine-nitrous acid interaction has been investigated by many 
workers (Arndt, Z. physikal. Chem, 1901, 39, 64; Blanchard, ibid., 1902, 44, 681; 
Euler, Annalen, 1903, 330, 280; Neogi, J. Chem. Soc., 1914, 105, 1270; Taylor, ibid., 
1928, 1099, 1897 ; 1929, 2052; Dusenbury and Powell, J. Amer. Chem Soc., 1951, 73, 
3269). Taylor ‘loc. cit.) whose results, unlike those of earlier workers, were free from 
interference due to the incidental decomposition of nitrous acid, came to the conclusion 
that the reaction was of the third order where (HNO,), (NO,)~, (RNH;)* were the reacting 
molecular and ionic species. ‘Taylor suggested that although the reaction was of the 
third order, the undissociated molecule of nitrous acid was liberated unchanged alte: 
apparent participation in the reaction. ‘I[his view is rather novel. Krall (this Journal, 
1939, 16, 9) sought to explain it on the possible tautomerism of nitrous acid: 


—> 
HNO, .” OH.NU, 


and suggested that the non-reacting form was in equilibrium with the react- 
ing tautomeride (or its ion). The behaviour of other tautomeric substances, 
however, does not warrant such an assumption. According to Dusenbury and Powell 
‘loc. cit.) this reaction has been concluded to be of the second order. They envisage a 
series of changes leading to the formation of CH;NH, and NO* which according to 
them are the reacting entities and combine at a measurabie rate to form a reaction com- 
plex (CH,;NH.NO)* or its hydrated form (the structure of which is not indicated), the 
latter decomposing as soon as it is formed. Since Dusenbury and Powell’s work has been 
conducted in strongly acidic media (a condition known to be not conducive to NH,-HNO, 
reaction ; cf. Sahasrabudhey, this Journal, 1951, 28, 119; 195v, 27, 515) and the mechanism 
assumed is far too complex, and besides involves the formation of CH,;NH, from 
CH,NH;* in a strong acid medium, which does not appear likely on general considera- 
tions, further scope for investigation of the reaction is indicated.* 


* We came across the paper of Dusenbury and Powell only after the following investigation had been 
completed. 
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I’xperiments on the behaviour of nitrous acid and amyl nitrite (vide Table III) in 
(i) normal acetic acid and (ii) su!phuric acid media indicated that while the former de- 
composed sensibly under (i) and considerably under (ii), the latter showed but a 
scarcely perceptible reaction, indicating thereby that amyl nitrite was not appreciably 
hydrolysed into free nitrous acid under either of these conditions, at least during the 
course of the reaction. Amyl nitrite, like nitrous acid, has been often used for the 
replacement of a NH, by OH; it appears therefore that it represents a reagent which 
behaves like nitrous acid and yet does not act in the form of any ions derived from it. 
The present investigation was carried out with nitrous acid and amyl nitrite in the hope 
that the ionic nature of the former and the co-valent character of the latter might help 


in the elucidation of the reaction mech nism. 


EXP RIMENTAL 


Experiments were carried out (cf. Sahasrabudhey, loc. cit.) in a Lunge’s nitrometer 
in 0.5 N aqueous acetic acid medium using a standard solution of sodium nitrite as 
the source of nitrous acid which was generated in the free condition by the action of acetic 
acid of the medium. In experiments with amyl nitrite the medium was 50% alcoholic 
acetic acid of the above strength. A standard alcoholic solution of amyl nitrite was 
used as the stock solution of this reagent which did not alter appreciably in strength over 
a fairly long period if the temperature was below 20°. A stock solution of methylamine 
in water of 1 N strength was used as the source of this substance. Experiments were 
carried out in mg. molar quantities of the reactants in the proportions 1:1, 1:2 and 2:1 
(methylamine : nitrous acid/amyl nitrite). The progress of the reaction was followed 
by taking time/volume readings of tle gas evo!ved (mostly nitrogen, vide infra) which 
was analysed at the end of an experiment, with the usua! acidic ferrous sulphate solution, 
for nitric oxide and nitrogen. Experiments were also carried out with amyl nitrite 
in absence of any added acid (in plain 50% alcohol). Only at the start of an experiment 
the nitrometer was given a mild shaking to initially mix the reactants; it was then 
left undisturbed but the continuous evolution of the gas bubbles ensured a thorough 


mixing of the reactants at ail stages. 


The amy] nitrite and sodium nitrite (used as the source of nitrous acid) solutions 
were standardised by the method of Coade and Werner (J. Chem. Soc., 1913, 103, 1221). 


In the case of nitrous acid the gas evolved in acetic acid medium during the usual 
duration of an experiment (about 120 minutes) was wholly nitrogen (Tables I-II). 
In the case of amyl nitrite about 10-15% nitric oxide was always formed due, presumably, 
to some specific reaction and not self-decomposition (Tables I, 1V and VIII). The 
results on the self-decomposition of amy] nitrite and nitrous acid are repurted in Table 
IlI; as judged by the nitric oxide formation, the decomposition is imperceptible in the 
case of amy] nitrite in acetic acid medium. Even in sulphuric acid medium the decom- 
position is very small as compared to nitrous acid. ‘lhe experiments reasonably de- 
finitely indicate that during the time interval under investigation, hydrolysis or/and 
dissociation of amyl nitrite is not considerabie, though cf course a trace or a very small 
quantity of free nitrous acid should have been formed necessarily. 
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The velocity constants were calculated using the conventional expressions: 
k=1/t!a—b).In b( g—x)/a(b—<x) nes (i) 
where a an1 b represent the initial concentrations of the two reactants and x is the 
amount decomposed in time t. In case where both the reactants were in equimolecular 
proportions, the original bimolecular equation reducing to 
k=1/t. x/ala—x) “a ae 
was used. 

For economy of space detailed tabular data have been presented in the case of typi- 
cal experiments only. 

Time-volume readings of the gas evolved in MeNH.,-HNO,/AmNO, interaction in 
0.5N acetic acid medium and at 0.125N and 0.25N concentrations of the reactants (in the 
ratio I:1, 1:2 and 2:1 at different temperatures) have been presented in Tables I, II and 
IV-VIII. ‘Table IX records a set of observations with amy] nitrite in absence of any 
added acid, i.e., in plain 50% alcohol. ‘The calculated values for x, x/{a-x}, or log 
b(a-x)/a(b-x) and k have also been given. From these results following facts emerge: 

(i) The reaction is of the second order both in the case of amyl nitrite as well as 
nitrous acid; the influence of temperature is as expected, and the values of temperature 
coefficient computed range from 2.4 to 2.6, as indeed is the case in a normal bimole- 
cular reaction. 

(ii) The reaction with amyl nitrite is actually a little faster than with nitrous 
acid; remarkably enough, it proceeds almost with the same velocity (even in absence 
of any added acid) in plain 50% alcoholic medium, 

(iii) The effect of increasing the nitrous acid or amy] nitrite concentration is to speed up 
the reaction as expected on the mass law. But in experiments, where the concentration of 
amine was increased (1:2 ratio), the reaction rate was actually lowered as compared to that 
when the reactants were in the ratio 1:1, 

The values of the velocity constant are generally found to deviate very considerably 
from the mean in the beginning of the reaction and towards its end. Initially this is 


due to the disturbance caused by shaking of the reactants when they are mixed and finally 


due to accumulation of NO formed as a result of the incidental decomposition of 
nitrous acid. The NO produced introduces a small uncertain correction because (i) 
the rate observed is greater than what would be due only to the nitr: gen formed, and 
(ii} it decreases the effective concentration of HNO, which for calculations is assumed 
strictly on what is actually taken but is in reality less by an amount decomposed to NO. 


TABLE I 


Action of amyl nitrite with methylamine (1:1). 


Observations. 
Time. Vclume. %. k. 


-378 X 1073 


Z 
£ 
=) 


Conditions. 


Conc. of methvlamine 
a amyl nitrite 
"a acetic acid 
Final volume 
Temperature 
Pressure 
‘a’ 


16 min 1.35 C.c. 0.05126 
30 © 06457 300 
40 0.07216 .945 


0.125 N 3 
/ 2 
2 
50 0.08356 1.823 
I 
1 
I 
I 


oO 125 N 
o5N 

8 c.c. 

29° 

745 mim. 
26.34 C.C. 


a 
o 


60 0.06894 826 
70 0.11400 837 
80 0.12910 854 
go 0.14050 817 
Analysis :Ng=3.3.¢.c. NO=0.4 c.c. Mean 1.832x1073 


i i 


SN Du WN 


Wwwnn 
NSO DN 
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TABLE II 
Action of nitrous acid with methylamine (1:1). 


Observations. 
Conditions. ’ Time Volume. x. k. 


Conc. of methylamine = 0.125 N 10 min. 0.15 €.c. 0.00576 5 931X107! 

a sodium nitrite 0.125 N 30 0.65 0 02497 8.535 » 

” acetic acid 0.5' N 45 1.05 0.04033 9.310,, 
Final volume = 8cc. 55 1.45 0.05568 1.073X1073 
Temperature = 28° 60 1.65 0.06337 1.127 
Pressure 745 mm. 65 1.80 0.04913 I 141 

‘a’ = 26.04 C.c. 2 00 0.07681 1.184 

80 2.30 © 08833 1.327 
go 2.60 0.099°6 1.256 
10 120 3.20 0.12290 1.273 
II 120 3 35 0.12860 1.230 


Analysis: Ng = 3.35 c-c. NO = 0.0 c.c. Mean 1.18X1073 


TABLE III 


Self-decomposition of nitrous acid and amyl nitrite. 
NaNO, or amyl nitrite=o0.25 N. H,SO, or HAc=1.0 N. Final volume=q c.c. 


Temp. Reactants Medium. Gas evolved in c.c. in Composition 


10min. 30min. 60min. gomin. 120 min, 


Amy] nitrite, H,SO, 50% EtOH 0.25 0.35 0.45 0.5 O 525 All nitric 
oxide 


” Do 0.3 0.45 055 07 
HAc Do ose 0 05 0 10 0.1 
NaNOz, H,SO, Aqueous 60 10.20 13.10 
- ‘ Do 3.4 7.80 10.90 
- HAc Do 03 0.90 1.40 


TABLE IV 


Influence of increase in amyl nitrite conc. (1:2). 


Observations. 
Conditions. No. Time. Volume. x. 


_ 


10 min z.3 Cc. 
32 45 
45 6.6 
60 9.0 
75 9.9 
105 12.0 


Conc. of methylamine = 0.125 N 
* amyl nitrite =0o25N 
o acid (acetic) 0.50 N 
Final volume 8 c.c. 
Temperature = 32° 
Pressure = 755 mm. 
120 129 
135 13.4 
150 13-65 
165 14.00 


oO on AM SO HN 


) 


Analysis: Ng = 13.0¢.c. NO =13 ¢-¢ 3 625X103 
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TABLE V 


Influence of increase in HNO, conc. (1:2). 
MeNH, = 0.125N. NaNO, = 0.25N. Acid = 0.50N. Final volume = 8 c.c. 
Temp. =31°. Pressure = 755mm. a = 26.3Cc.c. 
Time. Volume. %. log b(a-x) /a(b-x). k. 


15 min. 7.2 C.C. 0.0102 1.566 X 1073 
3° 3-5 0.0320 2.462 
40 4-7 0.0447 2573 
60 6.9 0.0708 2717 
70 7-6 0.0800 2.632 
8.2 0.0999 2.557 
98 0.0859 2-473 
10.5 0.1222 2.560 
11.0 0.1323 2.540 
11.6 O 1437 2.549 
12.6 0.1635 2.510 

Mean 2.524x1073 


TABLE VI 


Influence of increase in amine conc. (with amyl nitrite) (2:1). 


Observations. 
Conditions. No. Time. Volume. %. k. 


Conc. of MeNHy, = 0.25 15 min. ais see 0.01240 4.146X 1074 
30 0.40 0.01653 2.711 
40 0.50 0.02066 2.822 
50 0.€0 0.02477 2.579 
60 0 80 0.03306 2.839 
70 0.95 0.03925 2.962 
80 1.10 0.04545 2.687 
100 1.40 0.05785 3.017 
9 120 1.55 0.06404 2.802 
Analysis: Ng = 1.55 c.c. NO = 0.0¢. ¢. Mean 2.848X1074 


- amy] nitrite = 0.125 N 
o HAc =0o50N 
Final volume = 8c.c. 


Temperature = 33 
Pressure = 755 mm. 


on Aw & wb 


Tasie VII 


Influence of increase in amine conc. (with HNO,}) (2:1). 


Observations. 
Conditions. No. Time. Volume. %. log b(a-x)/a(b-x). k. 
Conc. of MeNH, = I ismin. 0.6cc. 0.02281 0.0052 7 9821074 
io NaNO, 
os HAc 


2 30 1.0 0.04785 0.0107 8.215 
3 60 2.0 0 07623 0.0175 716 
Final volume 4 73 2.6 0.09886 0 0232 6303 
Temperature 5 80 3.0 0.1140 0.0271 802 
Pressure 755 mim. 6 go 33 © 1254 0.0301 703 
7 3.6 0.1359 0.0342 805 
8 110 40 © 1521 0.0352 369 
9 120 43 0.1635 0.0405 -730 
Analysis: Ny, = 4.3 c.c. NO = 09 c.c. Mean 7 41X1074 
10 -1851P--1 
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Taste VIII 
Action of amyl nitrite with MeNH, (1:1): Influence of temp. 


Observations: 
Conditions. " Time. Volume. %. x/(a-x). k. 


Conc. of MeNH, =o125N I2min. 0.5 C¢.c. 0.02015 0.02056 1.713 X1073 
- amyl nitrite = 0.125 N 0.7 0.02820 0.02992 0.9634 
* HAc = 0.50 N 0.85 0.03425 0 93546 0.8865 
Final volume = 8c.c. 1.00 0.04029 0.04199 0.8397 
Temperature =.23° 1.20 0.04825 0.05082 9.8467 
Pressure = 757 mm. 1.55 0.06244 0.06651 0.88co 
‘a’ = 24.82 c.c. 2.00 0.08058 0.08764 0.9738 
2.50 0.100790 0.11200 1.0670 

Analysis : N,; = 2.6¢.c. NO = 0.4 c.c. Mean 8.657X 1074 


TABLE IX 


Action of amyl nitrite without any acid (1:1). 


Conditions. No. Time. Volume. k. 
Conc. of MeNH, =o125;N I 30 min 0.45 C.c. 6.145 x 1074 


- amyl nitrite = 0.125 N 2 45 0.50 4.562 


Final volume (50% 
aq alcohol) = 8c.c. 60 0.70 4-829 


Temperature = 39° 75 0 80 4-434 
Pressure = 75) mm. go 0.90 4.176 
1.05 4.202 


1.20 4.233 
Mean 4.641X1074 


DISCUSSION 


Mechanism.—tt is clear that the reacting species in the case of amyl nitrite is the 
molecular species of the ester, and the same is probably true of nitrous acid. ‘The amine 
molecule may be reacting either as CH,;NH;* or as uncharged CH;NHaz, but since the 
development of + ve charge on nitrogen wou'd result in the loss of its co-ordinating 
power, which should be necessary for the formation of a reaction complex, it is more 
likely that uncharged MeNH, should be reacting. Suppression of the reaction at high 
acid concentrations (Taylor, loc. cit. Sahasrabudhey, loc. cit.) and its occurrence in the 
absence of added acid in the case of amyl nitrite support the latter view. 

In the light of the above observations Dusenbury and Powell’s or ‘Taylor's mechanisms 
do not appear likely. The former authors (loc. cit.) envisaged a reaction complex 
formed by the interaction of an uncharged MeNH, molecule and NO* produced by a 
multi-stage process : 


CH,NH,+H* — CH,NH;,* ~~ fast 
HNO, +H* —> H,0+NO* see “i 
CH,NH,* —> (CH;NH,+H’ ue: if 
CH,NH,+NO* +(H,O) —> CH;NH,NO*(H,0} (iv) rate determining 
CH,NH,NO*(H,0) — CH,VOH+N,+H,0O+H”"... (v) fast 
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The possibility of such a sequence of changes being represented by a clear-cut 
bimolecular reaction, as observed, cannot be considerable. Further, the experimental 
conditions used by these authors were strongly acidic and the formation of uncharged 
MeNH, molecules under these conditions would be rather difficult. In fact, their 
values of k are very much lower than ours, as indeed is expected due to retardation of 
the reaction rate by a large concentration of H* ions prevailing (Sahasrabudhey, loc. cit.) 
which by co-ordination with MeNH, would render it ineffective for the formation of a 
reaction complex with HNO, or for matter of that with NO*. ‘Then the probability 
of the formation of this last (NO*) in any significant concentration in an aqueous acidic 
medium is indeed to be doubted. The nitrosyl ion exists as a stable moity in non- 
aqueous solvents or very highly concentrated acids, formed by the dissociation of its 
‘salts’ which dccompose irreversibly into NO in aqueous acidic media. 

This mechanism cannot also explain the results with amyl] nitrite under the very 
feebly acidic conditions employed in the present investigation. It has been already 
suggested (cf. also Saharsabudhey, loc. cit.) that hydrogen ions have a positive role to 
play in this reaction, and there is no doubt that the reaction complex carries a positive 
charge. The reaction with amyl nitrite in plain alcohol in absence of added acid (Table 
IX) would apparently seem in discord with this view. But amyl nitrite is an ester and 
hydrolyses slowly. This incipient hydrolysis and/or dissociation would produce enough 
H* for the catalysis of the reaction. 

In the light of these facts the following reaction mechanism, which holds both for 
nitrous acid and amyl nitrite, appears more probable : 


+ 


——_ -— 
(i). (a) HNO,+H° —> HONOH 


+ 


—- - 
(b) AmNO,+H"* AmONOH 


+ 


_—-— HONOH \* 
(a) MeNH,+HONOH MeNH, rate determining 


+ 


oe HONOAm \ 


(b) MeNH,+AmONOH MeNH, 
(reaction compiex) 


HONOH }* 
(a) MeNH, 


HONOAm \ fast 


MeOH +,N,+H,0+H* 


(b) MeNH, —> MeOH+N,+AmO0H+H* 
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SEARCH FOR NEW INSECTICIDES. PART I 
By S. S. Trwart anp B. N. TEWARI 


o-Hydroxyketones of six esters of 3 :4-dimethylphenol have been prepared by the Fries rearrange- 
ment. These have been further converted into their o-chlorobenz)1 and allyl ethers with a view to 
studying their insecticidal activity. 

Laiiger, Martin and Miller (Helv. Chim, Acta, 1944, 27, 918) proposed that 2 good 
contact insecticide must have a combination of a toxic and lipoid solubie grcupings in 
its molecule. ‘The toxic groupings can be obtained by introducing the residues of 
inhalation narcotics into the insect poisonous components. Validity of this hypothesis 
was justified by Laiiger etal. (loc. cit.j, who showed that chlorobenzyloxy-ary] and 
allyloxy-aryl ethers were good contact insecticides. Keeping this in view we have prepar- 
ed twelve compounds containing o-chlorobenzy] and allyl groups as toxophores and the 
ether linkage having lipophilic properties (cf. Chen and Sumerford, J. Amer. Chem. Soc., 
1951, 78, 46094). These compounds also contain a ketonic group which would increase 
the lipoid solubility and may further enhance their insecticidal activity. 

Six esters of 3: 4-dimethyiphenol, viz., acetate, propionate, butyrate, caproate, hep- 
toate and caprylate were obtuincd by the action of the appropriate acid chloride on the 
phenol. The Fries rearrangement of these esters was studied at 110° without a solvent. 
The exact position to which acyl group had migrated was ascertained in the case of 
dimethylhydroxyacetophenone by its Clemmensen reduction yielding 3:4-dimethyl-6- 
ethylphenol, m.p. 52°. Thus, the acyl group migrates to 6- position. 


0.CO.Me OH OH 
| | 
Et ~ 


— 
—Me AiCl3(anhydrous) \y/7Me reduction \/ Me 


| | 
Me Me 


 *, 
MeOC "| | Clemmensen 


ExPERIMENTAL 


Esters of 3:4-dimethylphenol were prepared as described by Tiwari and Tewari ‘this 


issue, Pp. 79). 

TABLE I 
3 :4-Dimethyl- % Yield. B. P. Mol. formula. % Carbon. % Hydrogen. 
phenol esters. Found. Calc. Found. Calc 


Acetate 78.6 140°/8 mm. Cy9H)202 73.C1 73.18 7.38 7.32 
Propionate 76.0 140°/25 CyHy 402 74.10 74.16 7.92 7.87 
Butyrate 77-1 145°/29 Cy2H 602 74.82 75.01 8.21 8 33 
Caproate 75.5 168°/24 C),H 902 75-04 76.37 9.00 9.09 
Heptoate 76.4 162°/5 Ci5H 202 76.81 76.03 9-42 9.40 
Caprylate 759 180°/20 Cyp6H yO 77.26 77.41 9.60 9.68 
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The hydroxyketones obtained conformed to Pyman’s test (J. Chem. Soc., 1930, 
280). These were further characterised through their 2: 4-dinitroplien™ Ihydrazones. 

The o-hydroxyketones obtained by the Fries rearrangement of these esters were 
converted into their o-chlorobenzyi and allyl ethers. They were characterised through 
their 2:4-dinitrophenylhydrazones. The work on the insecticidal activity of these com- 


pounds is in progress. 


Fries rearrangement of the esters was carried out at 110° (without solvent) as des 
cribed in another communication (this issue, p. 79) (vide Table II). 

Clemmensen Reduction of Dimethylhydroxyacetophenone.—Amalgamated zinc (20 g.) 
was prepared in the usual manner and covered with 30 c c. of ethanol and to it were 
added dimethylhydroxyacetophenone (5 g.) and HCl fconc., ro c.c.). The mixture was 
refluxed on a water-bath for about ,o hours till a % op of the liquid gave no colour with 
ferric chloride solution. During this period of heating 2c.c. portion of concentrated 
hydrochloric acid was added after each hour. Ethanol was then distilled off and the 
mixture was saturated with sodium chloride and extracted with ether. The ethereal 
extract was then dried over anhydrous sodium sulphate and the ether removed by dis- 
tillation. The residual product was then recrystallised from ethanol, m.p. 52°, yield 
2.7g. (Found: C, 79.49; H, 9.43. Cale for C,.H,4O: C, 80.00; H, 9.33 per cent). 

o-Chlorobenzyl-aryl and Allyl-aryl Ethers.—A mixture of o-hydroxyketone (0.1 M), 
o-chlorobenzyl chloride or allyl bromide (0.11 M), freshly fused potassium carbonate 


(7.5g.) and acetone (100 c.c.} was refluxed on a water-bath for 8 hours. A heavy 
precipitate of potassium halide bagan to form soon after the refluxing was started. 
After cooling, water was added and the mixture was extracted with ether. The ether 
solution was washed with 10% caustic soda solution and then with water and dried over 
freshly fused potassium carbonate. The ether was then removed by distillation and the 
residual oil distilled under reduced pressure ‘vide ‘Tables III and IV). 

The authors wish to thank Dr. A. B. Sen for his kind interest in this work. 
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STUDIES ON THE FRIES REARRANGEMENT. PART X 







By S. S. Trwari AND B. N. Tewari 






Fries rearrangement of several esters of 3-methy]-6-tert.-butviphensl has been studied with a view 
to ascertaining the nature of the products formed. Inall the cises, excepting acetate, only o-hydroxyke- 
tones have been obtained from which corresponding alkylphenols have been prepared by the Clemmen- 







sen reduction. 


In continuation of the work on studies of Fries rearrangement, reported in the earlier 
parts of this series (Sen and Tiwari, this Journal, 1952, 29, 358, 420), we have 
extended it to the Fries migration of several fatty acid esters of 3-methyl-6-tert.- 
butylphenol, viz., acetate, propionate, butyrate, caproate, heptoate, capriate and laurate. 
The rearrangement was carried out at the optimum temperature r1vu° (vide Tuble II) 
without solvent and at 25° in nitrobenzene, using 1.5M anhydrous aluminium chloride. 
The effect of the amount of the catalyst (1.5 M, 3.0 M and 4.0 M) was also studied at 
110° (vide Table II) in the case of the acetate, propionate, butyrate and caproate. 
There was no much advantage in using 3.0 M instead of 1.5 M of the catalyst as the 
yields in the former cases were only slightly better. 












In all the cases studied o-hydroxyketcnes were obtained and the para-isomer could 
be isolated only in case of the acetate from the mother liquor, after removal of the 
o-hydroxyketone. This observation substantiates that of Sen and Tiwari (loc. cit.) that 
the meta-orientation of the phenol and the size of the acyl group play important role 


in the orientation of the acyl groups. 








‘These o-hydroxyketones were converted into their corresponding alkylphenols by 





the Clemmensen reduction. 






ExPERIMENTAL 









The esters of 3-methyl-6-tert.-butylphenol, prepared by the method of Spasov des- 
cribed earlier (this Journal, 1932, 29, 353), are summarised in the following table. 







TABLE I 





Esters of 
3-methyl 6-tert.- % Yield of B.P. Mol. % Carbon. % Hydrogen. 
butylphenol the esters. formula. Found. Calc. Found Calc. 







Acetate 60.3 118°/11 mm. Cy3Hyg%, 75-39 75 72 8.58 8.74 








Propionate 87.1 152°/19 Cy gH yO, 76.21 79.37 9-15 9.09 
Butyrate 87 3 162°/32 CysH O02 76.72 76.94 9.38 9.40 
Caproate 83.5 194°/ 32 Ci7HysO, 77-64 77-87 9.89 9.93 
Heptoate 86 6 164°/t1 CisHys02 78.16 78.27 10; 10.15 
Capriate 869 240°/20 Co.HyOz 79.10 79.26 10 75 10.69 






Laurate 82.3 260°/30 CygH 30, 79.61 79.76 10.81 10.98 
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Fries Rearrangement of the Esters: General Procedure 


Rearrangement at 110°.—The ester (0.1 M) was rearranged by keeping it with an 
hydrous aluminium chleride {0.15 M) at 110° for 2 hours. The hydroxyketones were 
isolated, purified and characterised in the usual way (Table III). The method has been 
described by Sen and Tiwari (loc. cit.). 

The same procedure was adopted to study the effect of temperature and the amount 
of the catalyst in cases of the acetate, propionate, butyrate and caproate “on the yields 
of hydroxyketones (Table Ii). 

TABLE II 


Esters of % Yields of ketones at 
3-methy!]-6 tert.- Ketone forined. : 110°, 110°. 110°. 
butyl]phenol. with the catalyst conc. of 
1.5 M. 1.5 M. 3.0 M. 4.0 M. 1.5 M 


Acetate R-methvl-K 62.0 72.0 76.0 58.0 60.0 

R’-methyl-K 8.0 10.0 6.0 6.0 8.0 
Propionate R-ethyl-K 74.0 80.0 84.0 62.0 70.9 
Butyrate R-n-propyl-K 72.0 76.0 78.0 60.0 70.0 
Caproate R-n-amyl-K 72.0 78.0 82.0 620 68.0 


R=2-hydroxy-3-tert.-butyl-S-methylphenyl. R’=4-hydroxy-3-tert.-butyl-6-methylphenyl. K=ketone. 


Rearrangement at 25° in Nitrob,nzene.—The ester (v.1 M) was rearranged ty stir- 


ring it with anhydrous aluminium chloride (0.15 M) in nitrobenzene (0.5 M) for 6 hours 
at 25° following the method of Sen and Tiwari (loc. cit.). After the rearrangement 
the mixture was poured on ice and dilute hydrochloric acid was added and then steam- 
distilled. 

(1) Im case of the acetate, the o-hydroxyketone being volatile with steam, distilled 
over leaving the para-isomer in the distillation flask which was taken up in ether and 
the ethereal solution was extracted with 5% caustic soda solution. The aqueous layer 
was acidified and the residue crystal}jsed from alcohoi. 

‘2) In case of the propionate, butyrate and caproate, no residue was left in the flask. 

In all these cases the distillate was made alkaline with caustic soda solution and the 
nitrobenzene was taken up in ether. The aqueous layer was acidified with hydro- 
chloric acid and the ketone isolated as in the previous case. 

(3) In the case of the heptoate, capriate and laurate, nitrobenzene alone distilled 
over with steam. The residue was extracted with ether, dried over anhydrous sodium 
sulphate and after removal of the ether the residual liquid was distilled under reduced 
pressure which yielded a single fraction. The viscous residue remaining in the distilla- 
tion flask was worked up for the para-isomer. as described in the case of the acetate, but 
it was found to be absent. 

The distillate gave an intense red-violet colour with 1% ferric chloride and on-addi 
tion of dilute caustic soda solution a yellowish precipitate was obtained. It thus con- 
formed to Pyiman’s test for o-hydroxyketones (J. Chem. Soc., 1930, 28). The 
hydroxyketones, so obtained, were converted into their 2:4-dinitrophenylhydra- 
zones Which were recrystallised from hot toluene. The yield of ketones at 25° in nitro- 
benzene was a little more than at 110° (Table I1]). 
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Clemmensen Reduction of the o-Hydroxyketones.—A mixture of zinc (20 g.), mer- 
curic chloride (20 g.), HCl (canc., 20 c.c.) and water (ro c.c.) was shaken for ro minutes. 
The aqueous solution was decanted and the zinc washed with water. ‘The amalgamated 
zinc was then covered with 30 c.c. of ethanol and to it 0.02 M of o-hydroxyketone and 
10 c.c. of HCl (conc.) were added. The mixture was refluxed on the water-bath till a 
drop of the liquid gave no colour with aqueous ferric chloride solution. The comple- 
tion of the reaction took nearly 8 to 10 hours. During this period 2 c.c. portion of con- 
centrated hydrochloric acid was added hourly during heating. Alcohol was then dis- 
tilled off, the mixture was cooled and extracted with ether. The ethereal layer was 
successively washed with 2% sodium carbonate solution and water. The ethereal extract 
was then dried over anhydrous calcium chloride and the ether removed by distillation. 
The residual oil was then distilled under reduced pressure (Table IV) 


TABLE IV 
Ketone. 2-Alkyl-3- B.P. Yield. Mol. Alkylphenols. 

methyl-6-tert.- formula. % Carbon. % Hydrogen. 

butylphenol. Found. Cale. Found. Cale. 

R-methyl-K Ethyl 120°/11 mm. 76.8% C3H,0 81.02 81 25 10.38 10.42 
R-ethyl-K n-Propyl 130°/15 68.6 CyyHyO 81 42 81 55 10.42 10.68 
R-n-propyl-K n-Butyl 161°/17 62.8 C\sHyO 81.68 81.83 10.70 10.91 
R-n-amyl-K n-Hexyl 140°/12 64.6 C)7Hyg0 82.25 82.24 11.10 11.29 
R-n-hexyl-K n-Heptyl 165°/10 60 4 C)gH 390 82.34 82 45 11.35 11.46 
R-n-nonyl-K n-Decy! 192°/10 56.8 CoH 0 82.75 82.89 11 60 11.84 
R-n-undecyl-K n-Dodecyl 240°/15 56.4 Co3H yO 83.08 83 14 11 8&8 12.05 


R=2-hydroxy-3-tert.-butyl-6-methylphenyl. K=ketone. 
The authors wish to thank Dr. A. B. Sen for his kind interest in this work, 
THE CHEMICAL LABORATORIES, 


Lucknow UNIvERsI'Ty, Received June 26, 1953. 
Lucknow. 
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PLANT ALKALOIDS. PART VI, BERBERIS ASIATICA ROXBURGH 
By R. CHatrersee, A. BANERJEE, A. K. BARUA AND A, K. Das Gupta 


Like some other Indian species of Berberis (this Journal, 1952, 29, 92t) all samples of B. astatica 
Roxb., collected from seven different places of India, have yielded the bases: berbamine, berberine, 
palmatine and jatrorrhizine. In no cases only two alkaloids, oxyacanthine and berberine, could be 
obtained, as reported earlier by Chopra, Ghosh and Ratnagiriswaran (Indian J. Med. Res., 1928-29, 16, 
776). 

The Berberis plant is well known in ancient medicine. According to Royle (Trans. 
Linw Soc., 1837, 18, 83) wood and extract obtained from B. asiatica, B. aristata, B. 
lycium and Mahonia nepalensis, comprised the Rasanjana of the Hindu medicine, and 
the Lycium of the Greek medivine. This is highly probable, for in this Laboratory 
the same or allied alkaloids have been isolated from several Berberis species growitig in 
India. 

B. asiatica is distributed from East to West Himalaya, from Sikkim, Bhutan, Nepal to 
Garhwal, Kashmir, Madhya Pradesh and Bihar. It grows at altitudes of 3000-11,000 ft. 
It was found by Roxburgh in 1821. It is one of the two earliest discovered species, 
the other being B. aristata. It is almost certain that the earliest Hindu physicians 
must have collected the material, wood and root, for the preparation of the extract 
Rasanjana from Berberis plants growing in their locality. The Hindu medicine 
developed in the North Western India and in the Uttar Pradesh. It was quite likely that 
some Berberis species, endemic to these areas, were the sources of the Rasanjana. 
Susruta, one of the earliest physicians, acquired his knowledge of medicine in Banares, 
and Agnivesa who wrote the earliest known medical treatise (6th century B. C.) studied 
medicine in the University of Taxilla. Both Susruta and Agnivesa must obviously have 
considered the species of Berberis growing in their immediate neighbourhood. B., 
asiatica grows wild in those places and very likely the earliest Hindu physicians meant 
B. asiaiica, when they referred to Daruharidra as the source of material for the prepara- 
tion of Rasanjana (Chatterjee, Lloydia, 1949, 12, 178). 

It has been reported that B. asiatica Roxburgh contains only two alkaloids, oxy- 
acanthine and berberine, without any mention of the methods of their isolation and 
identification (Chopra, Ghosh and Ratnagiriswaran, loc. cit.). But during our investi- 
gation of Berberis plants we have come across a sample of B. asiatica which have 
yielded berbamine, berberine, palmatine and jatrorrhizine, and no oxyacanthine. To 
investigate further this difference in the findings, the specimens of B. asiatica have 
been collected from different localities and have been identified to be authentic specimens 
by comparison with the type species of B. asiaftca Roxburgh, preserved in the Herbarium 
of Indian Botanic Garden, and also with the original drawing of B. asiatica by Roxburgh 
himself. It has been found that all these specimens of B. asiatica furnished the same 
four alkaloids though in different quantities. In no cases the presence of oxyacanthine 
could be traced. ; 
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EXPERIMENTAL 


Finely powdered plant material, root or bark or stem of B. asiatica (1000 g. in each 
case) was exhaustively extracted with warm ethanol and the sticky brown residue, left 
on removal of ethanol in vacuo, was treated with water and made alkaline with ammonia, 
and the ammoniacal mixture was extracted with ether. 

The residue on removal of the ether crystallised on keeping in an ice box and was 
purified by crysiallisation from methanol as colorless crystals, m.p. 156° ; no depression 
in m.p. when mixed with an authentic sample of berbamine, m.p. 156° ; 45°, + 100°.7 ; 
[lit. records %, + 108°.7 for berbamine (Henry, ‘“Ihe Plant Alkaloids’’, 1940, p. 346) 
and also a", + 103°.1 (Kondo and Tomita, Arch. Pharm., 1930, 268, 549)]. (Found: 
C, 72.8; H, 6.9; N, 4.6. Calc. for C;7H,,.O.N, : C, 72.9; H, 6.6; N, 4.6 per cent). 


TABLE I 
% Alkaloids of B. asiatica obtained from different places. 
Places. Parts used. Barbamine. Berberine. Palmatine. Jatrorrhizine. 


Kashmir Wh le root 0.12% 3.5% 0.08% 0.05% 
Jaunsar Whole root 0.10 8 0.06 0.05 
Garhwal Root bark 0.10 8. 0.10 0.95 
Kumaon Stem with bark 0.06 ! 0.02 0.02 
Dehra Dun Stem with bark 0.07 : 0.02 0.02 
Nepal Root bark 0.17 2, 0.08 0.04 
Darjeeling Stem bark 0.05 r 0.03 0 02 


I. 
2. 
3 

4. 
5. 
6 

7. 


The aqueous layer was cooled in ice and treated with hydrochloric acid to give an 
1% acid solution and was allowed to stand overnight in a refrigerator ; the yeilow 
hydrochloride was filtered and the filtrate was reduced with zinc and acetic acid as 
previously (this Journal, 1952, 29, 921) and the reduced bases were identified: (1) 
Tetrahydropaimatine, m. p. 144° ; no depression in m.p. when mixed with an authentic 
sample of tetrahydropalmatine, m.p. 144°. (Found ; C, 70.4; H, 6.9; N, 4.01. Cale. 
for C.,;H2zs0,.N : C, 70-093; H, 7.04; Nj 3.04 per cent). (2) Tetrahydrojatrorrhizine, 
m.p. 203-204° ; no depression in m.p. wheu mixed with an authentic sample of tetrahy- 
drojatrorrhizine, m.p. 203-204°. (Found: C, 69.68; H, 6.37. Cale. for C..H.,;0,N: C, 
70.38; H, 6.74 per cent). 

The yellow hydrochloride which was thought to be berberinium chloride was con- 
firmed by generating the free base, berberine, in the usual manner, and preparing the 
acetone compound (Chatterjee et al., loc. cit.), m.p. 168-69° ; no depression in m.p. when 
mixed with an authentic sample of berberine-acetone, m.p. 168-69°. The chloroplati- 
nate of the base was also prepared. [Found: Pt, 18.09. Calc. for (C29H,:0.N)., 
H.PtCl,: Pt, 18.02 percent]. The nitrate of the base was obtained as beautiful 
yellow coloured crystals, which changed to brownish red at 190° and decomposed above 
275°. (Found: N, 7.02. Calc. for C,.H:;0,N, HNO; : N, 7.03 per cent). 

Thanks are due to Professor P. C. Rakshit, Head of the Department of Chemistry, 
Presidency College, for laboratory facilities. 

THE CHEMISTRY DEPARTMENT, 
MEDICAL COLLEGE, CALCUTTA 
AND 


PRESIDENCY COLLEGE, Received August 18, 1953. 
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ALUMINIUM AMYLOXIDES 
By Ram CHARAN MEHKOTRA 


The reaction of aluminium ssopropoxide with the eight isomeric amyl alcohols has been found 
to give the tri-amyloxides except inthe case of fert.-amyl alcohol,in which case aluminium mono- 
isopropoxy-ditert.-amyloxide is the end product. Boiling points (under reduced pressure) and mole- 
cular weights (in boiling benzene) of these compounds have been determined. Preliminary measure- 
ment ofthe vapour density of aluminium isoproporide has shown it to be dimeric. The differences 
in the properties of alkoxides of aluminium from those of titanium and zirconium have been shown 
tobe due tothe stability of the bridge structure in the case of aluminium conpounds. The influence 
of the branching of the amyl group on the physical properties of these compounds is discussed. 

Ina recent publication (Bradley, Mehrotra and Wardlaw, 7. Chem Soc., 
1952, 2027), the properties of isomeric amyloxides of silicon, titanium and zirconium 
have been studied in detail and it has been shown that steric effects play a 
prominent part in determining the structure and volatiliry of the amyloxides 
of titanium and zirconium. In another publication (Mehrotra, this Journal, 
1953, 30, 585) it has been shown that similar steric factors determine the 
volatility and the degree of molecular associatio, exhibited by the lower alkoxides 
of aluminium. It was therefore considered of interest to study the properties 
of the isomeric amyloxides of aluminium. 

The isomeric amyloxides of aluminium were prepared by the following reac- 
tion in presence of benzene: 

Al(OisoPr)3+3 C;H,;,;O0H — > Al(OC;H;)1)3+3 #soPrOH. 

Provided certain precautions are taken, quantitative yields of the required alkoxi- 
des can be obtained by using the minimum amount of the alcohol. Repeated 
attempts to prepare aluminium tritertiary amyloxide by the above method 
resulted, however, in aluminium mono-tsopropxy-di/ert.-amyloxide only. An 
attempt to prepare aluminium tri-/er/-amyloxide by the reaction of aluminium 
with ¢er/-amyl alcohol was therefore made by modifying suitably the method 
for aluminium tritertiary butoxide (Wayne and Adkins, “Org. Synthesis”, 1941, 
vol. 51, p. 8), but no tertiary alkoxide could be obtained. 

The boiling points and the molecular weights in boiling benzene of the alkoxi- 
des were measured by the method already described (Mehrotra, doc, cit). The follow- 
ing table summarises the results obtained. 


TABLE I 


Alkoxide. B.P. M.W. Molecular 
complexity. 

Al(O.CH,.CHgSH,.MeCHg), 255°7/L.0 mm. 1152 40 

Al(O.CH,CHg MesCH), 195°/0.1 1160 40 

Al(O.CHgCHMeEt), ea. 20)°/0.6 1194 41 

Al(O.CHg-CMes)s 180°/3.0 598 2.07 
Al(O.CHEts)s 165°/1.0 601 2.08 
Al(O.CHMe.CH,CH, Me); 162°/).5 596 2.06 
Al(O.CHMe.CHMeg), 162°/0.6 572 1.98 
Al(O.CHMe,)(O.Me,CHgMe)s 154°/0.5 512 197 
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The datain Table I show that the molecular complexity of the isomeric 
amyloxides of aluminium decreases from 4 for the primary amyloxides to 2 for 
the secondary amyloxides. However, among the primary amyloxides, the neopentyl- 
oxide has been found to be dimeric. It is interesting to compare the behaviour of the 
neopentyloxides of titanium and zirconium (/. Chem. Soc., 1952, 2027), in which cases 
also “the neopentyloxide behaves as though it were a ‘secondary’ amyloxide”. Since 
the (+1) effects of the primary amyl groups are similar in magnitude, it is con- 
éluded that the abrupt change in physical properties must arise from the enhanced 


steric effect of the neopentyl group. 


Aluminium monoisopropoxry-diter/-amyloxide has also been found to be dimeric 


and ‘can be assigned the structure : 


(tert) Am. al _— O1soPr eI OAm (éeré.) 
Al 


(tert) AmO” -<_ 
OzsoPr its OAm (fert.) 


Similary, the molecular complexity of the isomeric butoxides of aluminium has been 
shown (4oc. cit.) to decrease from 4inthe case of m-butoxide to 2 in the case of 
tert-butoxide. Thus, the aluminium alkoxides show a greater degree of polymerisa- 
tion than those of titanium and even zirconium, and the lowest degree of complexity 
shown by aluminium alkoxides appears to be 2. It was therefore considered of 
interest to see whether aluminium alkoxides would show any polymerisation in the 
vapour phase, and a preliminary measurement of the vapour density of aluminium zs0 
propoxide showed that it was dimeric in nature. This is in contrast with the proper- 
ties of zirconium alkoxides, whlch have been shown (Bradley, Mehrotra, Swanwick 
and Wardlaw, /. Chem. Soc., 1953, 2025) to be monomeric in the vapour phase 
and so, the much greater values of latent heats (Zvy ) and entropies of vaporisation 
(48) forthe complex zirconium alkoxides have been ascribed to the change: 


(Zr(OR)4]a ——> mZt(OR).4 
Liquid Vapour 


However, the values of latent heats and entropies of vaporisation for aluminium 
alkoxides do not show sucha marked change which can be easily explained on 
the basis of a stable dimeric structure. Further association among these dimeric 
units is possible inthe primary alkoxides, but the strength of the bonds appears 


to be weak. 


The stability of the bridge structure explains a number of properties shown by 
the alkoxides of aluminium. Gray and Alexander (/. Phys. Coll. Chem., 1949, 53, 23) 
showed that the reaction between aluminium alkoxides and fatty acids was exother- 
mic and the heat evolved was proportional to the amount of fatty acid until it be- 
came constant when two moles of the reactant were added. Similar results were 
obtained for the reaction between aluminium alkoxides and water. Similarly, it has 
been shown in the present invéstigations that addition of a large excess of methyl 
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alcohol to a solution of aluminium ssopropoxide in benzene results in the precipitation 
of aluminium monozsopropoxy-dimethoxide : 
Al (OisoPr)3+2MeOH —> Al (OzsoPr)(OMe)» +2 ssoPrOH. est 
It is only on refluxing the product for a long time with methyl alcohol that it 1 
fully converted into aluminium trimethoxide. 


ExPRRIMENTAL 


All-g'ass apparatus with interchangeable joints was used and special precautions 
were taken to exclude moisture. The carefully cleaned apparatus was rinsed with 
methylated spirit and was kept in an air-oven at 110°-120° for about an hour. The 
apparatus was then cooled either in a desiccator or with guard tubes filled with self- 
indicating silica gel. Fractionations were carried out in the column already described 
in an earlier communication (Mehrotra, Joc ct?.). 


Benzene and lower alcohols were dried and purified by methods already 
described (Joc. ctt.). With the following exception the amyl alcohols em- 
ployed were B.D.H. products (reagent grade). 1-Methylbutanol and 1 : 2-dimethylpro- 
panol were prepared from acetaldehyde and appropriate Grignard reagents. Neopen- 
tyl alcohol was prepared by the method described by Connant, Webb and Mendin 
(7. Amer. Chem. Soc., 1929, 51, 1246). Each alcohol was purified by careful fractiona- 
tion and the fraction distilling within half a degree only was collected. 


Aluminium tsopropoxide was prepared by the method already described and was 
distilled before use. 


Molecular Weights——Molecular weights of the freshly distilled samples were de- 
termined by the method described in an earlier communication (Joc. cit.). As in the 
case of lower alkoxides, the plot of the weight of the solute (m) against the elevatioti 
in the boiling point of benzene (A 7) was inall cases a straight line, and thus, the con- 
centration of the solution had no effect on the observed molecular weight. The ap- 
paratus constant (for 100 g. of benzene) was found to be 29.56 using azobenzene 
as the Solute. The results of the molecular weight measurements are tabulated below. 


TABLE II 
Alkoride. No. of Range Benzene. M. 
determi- of m. (found). 
nations. 
AlM(O.CH$.CH,g.CHg.CHgMe)s 3 0.101-0.342 g. 15.85 g. 1152 
Al(O.CH, CHgCHMeg)s 5 0.123-0.692 15,80 1160 
Al(O.CH2.CH MeEt), 5 0.273-0.876 16.27 1194 
Al(O.CH,_.CMes)s 6 0.095-1.151 16.44 598 
Al(O.CHEte); 6 0.129-0.807 15.76 601 
Al(O.CHMe.CH,.CH_Me)s; 4 0.210- 1.256 14.96 596 
Al(O.CHMe.CHMe,)s 5 0.172- 1.037 16.40 572 
AMO.CH Me,)(O.M°sCHgMe), 19 0,122-0,865 15.80 512 
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Boiling Poinis—Owing to their low volatility, the alkoxides had to be distilled 
at low pressures. Considerable efforts were made to standardise conditions. The 
same semi-micro fractionation apparatus, fitted with a capillary leak (care was taken 
to have the diameter of the leak nearly the same every time) and a “pig” for collect- 
ing fractions, was used throughout with a Vacustat reading from 0.01 to 10 mm. 


Alcoholysts.—The alcoholysis was carried out in the presence of benzene. so that 
ssopropanol produced was fractionated offas an azeotrope with benzene. The reaction 
was quite fast in the case of primary alcohols except neopentyl alcohol in which case 
the reaction took a very long time for completion. In the case of senondary alcohols, 
the reaction was slower than with the primary alcohols, and among the secondary 
alcohols themselves, the reaction was much slower in the case of methyl:sopropyl cart- 
binol than in the case of methyl-n-propyl carbinol. The reaction with the tertiary 
alcohol was the slowest and could not be pushed to the formation of tri-amyloxide. 
These qualitative results clearly show that the rate of alcoholysis decreases with the 
increasing of the branching in the alcohol employed. 

Aluminium Tri-n-pentyloxide—Aluminium isopropoxide (6.5 g.) in benzene 
(70 c.c.) was treated with m-pentanol (11.0g., b.p. 137°/757 mm.) at 130°-140° under the 
fractionation column. About 16 c.c. of the azeotrope collected at 71° within half an 
hour and then benzene was distilled off at a high reflux ratio of 1:25. Total time of 
refluxing was 3 hours. The remainder of the solvent was removed under redvced 
pressure and aluminium tri-n-pentyloxide was distilied at 253-57°/1.0 mm. and collec- 
tedasa colorless liquid (69 g.). [Found: Al, 9.38. Calc. for Al(OC;Hi1)3: Al 9.35 
per cent]. 

Aluminium Tri-3-methylbutoxtde——Aluminium isopropoxide (5.6 g.) in benzene 
(60 c.c.) was reacted with 3-methylbutanol (127 g.,b.p. 129.7°/750 mm.) at 140° 
under the column. The azeotrope was ‘collected at 71° and some distillate between 
71° and 80°. Finally benzene was distilled off at a high reflux ratio. Total time of 
refluxing was 4 hours. The product was distilled at 195°/0.1 mm. to give a pasty solid 
(7.2 g.). (Found: Al, 9.36. Al (OC;H}1)3 requires Al, 9.35 per cent]. 

Aluminium Trt-2-methylbutoxtde—Aluminium tsopropoxide (5.5 g.) in benzene 
(50 c.c.) was treated with 2-methylbutanol (11.0 g., b.p. 128°/755mm.) in the usual way. 
Total time of refluxing was 4 hours. The new alkoxide had a high melting point and 
on attempting to distil under 0.6 mm. pressure, it solidified in the delivery tube which 
had to be kept hot; so the boiling point could not be measured with accuracy and the 
approximate boiling point of the elkoxide is 200°/06 mm. The yield of the distilled 
product was 7.2 g. |Found: Al, 9.38. Al (OC;H;};)s requires Al, 9.35 per cent). 


Alumtintum Trt-neopentyloxide—Aluminium tsopropoxide (8.0 g.) in benzene 
(132 g.) was treated with neopentyl alcohol (106 ., b.p. 113.6°/760 mm.) at 140°. 
About 20 c.c. of the azeotrope was collected at 71-72° within the first two hours. 
Then the reaction appeared to become very slow and the temperature of the 
distilling liquid became lowered from 80° to 78° in about half an hour. About 3-4 
c.c. of the distillate was collected every half an hour for three hours and then the 
mixture was left refluxing overnight, The temperature ef the distillate in the morn- 
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ing as 71°. About 3 to 4 cc. of the azeotrope was collected when the temperature 
again shot up to 80°. The remaining benzene was distilled at a high reflux ratio and 
the total time of reflux was 20 hours. The product was a clear mobile solution 
in benzene from which the product crystallised out on standing overnight. The 
mother-liquor was decanted off and the crystalline mass, dried from the remaining 
solvent at 120° for two hours under 0.2 mm. pressure, gave 10.8 g. of a white powder. 
(Found: Al, 9.25. Al(O.C;H;;)3 requires Al, 9.35 per cent]. The solid appeared 
to melt at a bath temperature of 160° and was distilled at 180°8 mm. pressure. The 
white solid obtained was analysed and was found to contain 9.29% aluminium. 


Aluminium Tri-(1-ethylpropoxide)—Aluminium sopropoxide (60 g.) _ in 
benzene (55 g.) reacted with 1-ethylpropanol (diethyl carbinol, 10.1 g., b.p. 115.5760 
mm.) at 140°. Total time required for completion of the reaction was 7 hours. 
The new aluminium alkoxide distilled at 163°-167/L0 mm. to give a clear, colorless, 
mobile liquid (7.7 g.). [Found : Al, 9.41. Al(O.C;Hj1)s requires Al, 9.35 per cent]. 


Aluminium tri-(-methylbutoxide) was prepared by the reaction between 
aluminium ssopropoxide (8.2 g.) and 1-methylbutanol (methylpropyl carbinol, 16.2 g., 
b.p. 118.5°/760 mm.) in benzene at 140° for 4 hours in the usual manner. The new 
alkoxide was distilled at 162%0.5 mm. to give a colorless liquid (10.6 g.). [Found : 
Al, 9.38. Al(O.C5H;1)s requires Al, 9.35 per cent). 


Aluminium Tri-(1:2-dimethylpropoxide).—Aluminium tsopropoxide (63 &.) 
in benzene (60 c.c.) reacted with 1: 2-dimethylpropanol (methylésopropyl carbinol, 
12.1 g., b.p. 111°/755 mm) to give the new alkoxide which distilled at 162°/06 mm. 
and gave a colorless liquid (7.7 g.). Total time required for completion of the 
reaction was 7 hours. [Found : Al, 9.38. AMOC;H);)s requires Al, 9.35 per cent). 


The Reaction between Aluminium isoPropoxtde and tert.-Amyl Alcohol—To 
aluminium /sopropoxide (19.7) in benzene (80 c.c.) was added 1: 1-dimethylpro- 
poxide (ter/-.amyl alcohol, 27.1 g, b.p. 101.5'/750 mm.) and the mixture was refluxed 
under a column (60 cm. long, filled with Fenske helices) at 130°-140°." Some distillate 
(12-13 ¢.c.) was collected at 71-72° within half “an hour, Then the reaction became 
very slow and the distillate was collected very slowly at a reflux ratio higher 
than 25:1. When all the benzene had been distilled off, another 80 cc. of 
benzene was distilled in the product and this benzene was again distilled 
at a high reflux ratio to push the reaction to completion. Total time of 
refluxing was 10 hours. From the product benzene was distilled off under 
reduced pressure and a clear colorless liquid distilled at 154°-158°/0.5-0.6 mm. The 
distillate set to a glassy solid and was found to contain 10.34% aluminium. To 
the solid was distilled more tertiary amyl alcohol (20 g.) and benzene (60 c.c,) 
and the mixture was again refluxed under the column at 130° for 6 hours during 
which time the benzene was distilled at a very high reflux ratio. The product on 
distillation gave a colorless solid (b.p. 154°/0.5 mm). [Found : Al, 10.35;-C, 59.3; 
H, 11.4. Al(O tsoPr)(O éert. Am), requires Al, 10.36 ; C, 59.97; H, 11.23 per cent]. 
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Vapour Denstty of Aluminium isoPropoxtde—Vapour density was evaluated 
by determining the amount of aluminium ssopropoxide remaining in the flask 
(500 c.c.) after removing the alkoxide (freshly distilled sample) at a known tempera- 
ture (ca. 50° above the boiling point) and pressure (10 mm.). Although the 
Preliminary result is not very accurate, it suggests that aluminium txopropoxide 
is dimeric in the vapour phase. Molecular weight of aluminium ssopropoxide found 
was 421 against 204 calculated. 


Reaction between Aluminium isoPropoxtde and Methyl Alcohoil——To 
aluminium *sopropoxide (102 g.) in benzene (60'c.c.) was added methanol (20.0 g.). 
An immediate white precipitate was formed with slight evolution of heat. The 
mixture’ was refluxed for half an hour and after being cooled, attempt was made 
to filter: the insoluble residue. It was, however, found to be too finely divided 
for even the finest porosity of the sintered glass funnel. The solvent was therefore 
removed by distillation under reduced pressure and the product was heated at 
- 60° under 0.1 mm. pressure for one hour. A white powder (70 g.) resulted. 
[Found: Al, 1850. Al(OzsoPr(OMe), requires Al, 1822 per cent]. The white 
powder (6.0 g.) was next treated with another lot of methanol (60 ¢.) and the 
mixture refluxed for one hour. The product was treated as before and the mixture 
tefluxed for one hour. The product was treated as before and the white powder 
(4.7 g.) was analysed. [Found: Al, 22.61;,MeO, 77.2. Calc. for Al(OMe)s: Al. 
22.45 ; MeO, 77.55 per cent]. 


The author is grateful to Prof. W. Wardlaw and Dr. D. C. Bradley for their 
kind interest. 
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THE AMPHOTERIC PROPERTIES OF MOLYBDENUM TRIOXIDE 
AND ITS ISOELECTRIC POINT 


By I. M. Issa AND H. KHALIFa 










From solubility and po measurements in ‘hydrochloric acid and buffer solutions of different px 
molybdenum trioxide is found to behave as an ampholyte with its isoelectric point at pu~1l.4. On 
one side of that point, the oxide behaves as an acid with K’s ~ 10-2 and on the other, asa base with Ks’~ 
10-8, The solubility of the oxide levels down the pu of solutions possessing pu higher than 2, below 
which the effect becomes less marked. Conductivity measurements indicate that only above that 
pu tbe values after saturation differ considerably from those of pure hydrochloric acid. On 
the S-px plot the minimum solubility is represented by a region lying between pu 1 and 2. The 
point of zeroApuH corresponding to the isoelectric point occurs, however, at pu~]. 4. 










As is well known, molybdates in solution undergo, with increasing acidity, 
progressive condensation to higher forms and ultimately to hydrous molybdic acid 
which in turn dissolves, when the solutions are made still more acid, to form molyb- 
denyl compounds. Although much work has been done on the first stages of conden- 
sation, lictle is known about the exact position of the isoelectric point of that 
oxide. From diffusion experiments, Jander e¢ al. (Z. anorg. Chem., 1930, 194, 383) 
located that point at x09. Their measurements were, however, made in presence 
of considerable amounts of neutral salts which, as was shown by Carpeni (Bull, 
soc. chim., 1947, 14, 496), led to an increase inthe magnitude of the dissocia- 
tion constant of the acid, and accordingly, to a lowering of the fx correspon- 
ding to its isoelectric point. Furthermore, the diffusion method cannot furnish 
very precise quantitative data, and the results must be considered in conjunction 
with other evidence (Emeléus and Anderson, “Modern Aspect of Inorganic Chemis- 
try”, revised Ed., London, 1952, p. 210). In addition to these facts a study ofthe 
amphoteric properties of molybdenum trioxide will throw much light on the mecha- 
nism governing the electrodic behaviour of molybdenum (to be published later). 
Owing to its amphoteric nature, this oxide will undoubtedly level down or-up the fu 
of the solutions according to whether they possess fu values higher or lower 
than the isoelectric point of the oxide respectively. 

In this investigation it isaimed to find out whether these predictions are 
borne out by experiment and to determine the exact position of the isoelectric 
point of molybdenum trioxide. 


























ExPERIMENTAL 


Samples of the molybdenum trioxide, obtained by the ignition of ammonium 
molybdate of Analar grade, were applied. 

Solubility in HCland in Buger Solutions.—Hydrochloric acid solutions of 
concentrations varying between 6 and 10°°N were prepared from the constant 
boiling acid by appropriate dilutions. Their concentrations were checked, 
whenever this was possible, by gravimetric determination of their chlorine 
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content as silver chloride and their fa values determined using the quinhydrone 
electrode. The Clark and Lubs series of buffers ( Biochem. /., 1916, 25, 479, cited 
in Britton “Hydrogen Ions”, vol. I, 3rd Ed., 1942, pp. 391-310) covering the fa range 
1-10 were prepared as recommended by the authors and checked for their fu 
values with the hydrogen electrode. Samples of the oxide were introduced toge- 
ther with~ 150 ml. of the hydrochloric or buffered solutioa into well steamed flasks 
of 250 ml. capacity. These were sealed off, placed in a thermostat adjusted at 23’ 
+0.05° and shaken strongly till equilibrium was attained. This required (as may 
be seen from Tables Iand II) periods depending onthe fu of the solutions and 
amounting to ~ 100 hours maximum. After saturation the ga values of *the 
solutions were measured using the quinhydrone electrode, The molybdenum con- 
tent was determined in each case three times at least both gravimetrically by 
precipitation as sulphide and weighing as oxide (Mellor and Thompson, “Quantitative 
Inorganic Analysis”, 2nd Ed., 1928, p. 446), and.colorimetrically as molybdenum sul- 
phocyanide, using a Specker photoelectric colorimeter and following the procedure 
recommended by Grimaldi and Wells (7. Amer. Chem. Soc., 1924, 46, 2457). 


Tables I, II and III contain typical fx and solubility data in the hydro- 
chloric acid and buffered solutions. 


TaB_e I 
Solubility of MoO; in HCl (1-10°* NY). 
Time of shaking = 100 hours. Time of shaking = 15 hours. 
pH Solubility. pu Solubility. 
nt a a a 
before satn. after satn. original. final. 

0.218 0.265 4.420 g./lire. ioe 4.21 g./litre 
0.631 0670 1.680 0.822 0.580 1.61 
1.07 1.10 0.412 1.12 1.16 0.35 
1.42 1.39 0.320 pie a As 
1.53 1.48 0.316 154 1.48 0.31 
1.72 1.69 0.312 2.1 2.04 0.30 
2.09 2.03 0 328 ws . sigs 
2.69 2.46 0.660 2.42 2.28 0.60 
3.09 2.66 1.416 2.84 2.51 1.18 
3.96 280 1.856 ac os 
4.73 2.38 1.712 

5.82 2.46 1.640 

6.40 2.11 1.630 

TABLE II 
Solubili/y of MoOs tn HCl (6-2 4). 
HCl (normality) 6 5 4 3 2 
Time of shaking - 100 hrs. 68.08 49.4 29.62 18.1 9.84 (g/l) 


ve a 15 brs. 3721 3113 25531755 (9.48 (gil) 
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TaB.LeE III 
Powdered oxide shaken in buffer solutions for 100 hours. 
Px before saturation 0.99 2.00 3.06 3.99 5.02 5.98 7.04 
pu after saturation 09.9 1.98 2.62 3.25 2.63 263 0.84 
Solubility (g./litre) 0.632 0.662 1.296 3.97 9.42 13.84 
pu before saturation 8.03 8.99 9.97 
pu after saturation 1.50 2.34 2.26 “on 


DISCUSSION 


From the results listed in Table I it is apparent that the solubility of molybde- 
num trioxide does not change appreciably in solutions possessing fu values 
lying between 0.63 and 3, by extending the time of shaking upto 100 hours. In 
solutions 4N or higher with respect to hydrochloric acid, on the other hand, 
the solubility increases appreciably. 


By plotting the solubility of MoO; in hydrochloric acid solutions against 
their original fu values on the one hand, and their fa values after saturation with 
the oxide on the other, curves @ and 4 respectively (Fig. 1) are obtained which 
show that the solubility passes through a minimum within the a range 1-2, corres- 
ponding tothe position ofthe isoelectric point. On plotting the after satura- 
tion against the original fa values, the curve shown in Fig. 2 is obtained. From 
this and from the curves in Fig. 1 it can be seen that the solubility of the oxide 
levels down the fu of the solutions at values higher than~2. Below this value the 
effect becomes less marked and all the points fall on the theoretical line ¢ of 
unit slope. 
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This is apparently due to the fact that molybdenum trioxide dissociates more 
Pronouncedly as an acid above its isoelectric point than as a base below that point. 
This can be visualised from a consideration of the values of KX’. and K’» representing 
the magnitude of the acid and basic dissociation constants which amount to ~10-? 
and 10-!5 respectively (vide infra). Atthe isoelectric point both acid and basic dis- 
sociations have equal opportunities to occur, but any one of these may prevail out- 
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side that zone. Molybdic acid will remain practically undissociated as long as the 
Prevailing fu is lower than its #K’a value. As the fu of the solution increases, the 
acid progressively dissociates when at a fx value of the same magnitude as pKa the 
acid loses its identity owing to the incidence of the acid-base reaction which leads 
accordingly to a levelling down of the #u of the solution. The same applies muta/is 
mutandis to the dissociation of the base in which case the conjugate acid Ca should 
be considered since all statements are made in terms of fx and not of fon. This 
can be evaluated from the relation Aca X Kb’- Kw. Taking Kw=10-!* and X's = 
10-18, Ca is found to be 10-' and pXca =1, and hence, any deviation resulting from the 
acid-base reaction below the isoelectric point will be negligible above fa~l. 


This behaviour is confirmed by the results obtained from conductivity measure- 
ments of hydrochloric acid solutions before and after saturation with molybdenum 
trioxide (Table IV). These results indicate that only above 0.01N-HCI (/H~2) 
the specific conductivity values of the saturated solutions deviate considerably 
from the corresponding ones before saturation. This is quite apparent from Fig. 4 
in which the percentage deviation between both values is plotted against -log C. 


TaBLeE IV 
Normality of HCl 0.5 0.25 0.1 0.075 0.05 
K before saturation 0.1644 0.0873 0.0371 0 0279 0.0192 
K after saturation 0.1615 0.0859 0.0368 0.0277 0.0189 
Normality of HCl 0.025 0.01 0.005 0.001 
K before saturation 0.0097 0.0039 0.0019 0.00037 
K after saturation 0.0096 0.0038 0.0021 0.00103 


Another procedure which was followed for the determination of the isoelectric 
Point was that due to Mechailis (Biochem. Z., 1912, 47, 251) according to which the 
position of that point coincides with the point of zero AfH. On plotting Asx 
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against the original pu values (Fig.3) the point of interception of the resulting curve 
with the line ¢@ of zero slope occurs at ~ ##1.40, a value which lies within the #H 
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range 1-2 corresponding to the minimum solubility of MoOs (Fig. 1). Curves similar 
to that represented in Fig. 1 were obtained for the solubility of molybdenum trioxide 
in buffered solutions (Table II). The minimum solubility corresponding to the iso- 
electric point is here again represented by a region lying between #4 1 and 2, confir- 
ming thus the location of the isoelectric point. 

By proceeding in the same manner as in the case of fu and plotting log 1 
before saturation against log 1/& after saturation, the curve shown in Fig. 4A 
is obtained, indicating that deviation from the theoretical relation occurs only 
above 0.01 N-HCI. 

The Dissociation Constants of Molybdic Actd—One can apply the above data 
for determining the dissociation constants K's and K’» of the molybdic acid species 
stable in the vicinity of the isoelectric point (probably HpMo, O;3 ; Carpeni, loc. c#t.) 
using a relation due to Krebs and Speakman ( 7. Chem. Soc. 1945, 593). According to 
these authors the basic and acidic dissociation constants may be evaluated from 
the following relations : 

log (S/So -1) = pa- pKa... aaa (1) 

log (.S1/So —1) = (Ky —-pK's)—fu... —«.. (2) 
in which .$ represents the solubility at the given a and So, the solubility in strongly 
acid solutions. This latter value was evaluated by plottiing S against 1/[H*] and 
extrapolating to 1/[H*]=0 and was found to be~0.1 g. litre. The log (S/S  - 1) 
values were calculated at different u and were found to be as shown in Table V. 


TABLE V 


pHatsaturation 0.265 0.67 #+=%<\Lilll 139 148 #4169 +4203 246 2.66 2.80 
log (S/Sy-1)*10 16.35 1198 4.94 342 335 326 3.58 748 ##%w19 # £12.44 
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By plotting the values of log (S/So — 1) against fx at saturation a V-shaped 
curve (Fig. 5), which is almost identical with that in Fig. 1, isobtained. By 
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applying equation (1), substituting for S. the value obtained above, for fu the values 
2.03 and 2.46, and for S, the corresponding solubilities K’, values ranging from 
19-17x10°? are obtained. Similarly. application of equation (2) and using the 
fu values 1.11 and 1.39 and the corresponding solubilities lead to K’» values ranging 
from 3.93-5.4x 10"'8. According to Krebs and Speakman (Joc. ctt.) the values of 
XK’. and Ky can also be evaluated from the log (.S/So — 1)/fu plot (Fig. 5). The 
point of interception of the line of positive slope with the line of zero log (S/So — 1) 
corresponds to $a, whereas the intercept of the line of negative slope gives 
PK ca which is equal to pKw-pK’». The values of K's and pK» obtained by 
extrapolating the lines (2) and (4) to log (S/Sy9—1)=0 are 2.02 and 12.55 which give 
values of K's and Ky equal to 9.5x10°* and 2.8210 ‘3 respectively. The value 
of XK’, is in fair agreement with 7X10-* obtained by Novoselova (/. Grn. Chem. 
U.S.S.R.. 1931, 1, 668) for the dissociation constant of molybdic acid. A» can 
also be calculated from the relation : 
. K..K~ 
[H] - OW 

(cited by Britton, “Hydrogen Ions", Chipnin and Hall, London, 1942, vol. I, 
pp. 215, 216) in which [H]* represents the H* ion activity at the isoelectric point 
(¢uH—140). Taking [H]*=3.98x10°*, Ka=—10°2 and Kyw=10"'*, Ap comes out 
to be 6.3x10°'* which is comparable with the values obtained from the relations 
of Krebs and Speakman (/oc. cz#.). It is noteworthy to remak that the K’s and Xj 
values obtained from the above relations can be considered to represent the true 
dissociation constants only when the acid is monobasic and the base, monoacid. 
If on the other hand, the acid is polybasic or the base polyacid, they represent the 
mean of the different dissociation constants, unless the first dissociation constant 
is the predominating one, te. if, the other constants are small in comparison. 

The authors wish to express their thanks to Dr. A. Riad Tourky, Professor of 
Physical and Inorganic Chemistry for his great interest in this work. 
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SORPTION OF WATER AND TOLUENE VAPOURS ON BENTONITE. 
HYSTERESIS AND HEAT AND ENTROPY CHANGES 


By B. P. GYANI 


The sorption of water on Kashmir bentonite at several temperatures and of toluene at 0° have been 
studied. The water isotherms are of type II and hysteresis is observed even at the lowest pressures. To- 
luene gives a type I isotherm and the amount of adsorption is much smaller. The heat and entropy 
changes have been calculated for the sorption of water. They appear to decrease almost monotonously 
in the range of 25°-35° with increasing sorption, but yield W-shaped graphs in the range 0°-20°. 
















Since zeolites, of which bentonite is an example, have pores of molecular 
dimensions, there is no possibility of ordinary capillary condensation with them in 
the sorption of vapours, except perhaps in the inter-particle spaces, which are likely 
to be quite broad. One should therefore not expect hysteresis in the sorption 
isotherms, except at high relative pressures. Since all sorption sites would be iden- 
tical in such adsorbents, one should not expect a variation in the heats of sorption 
either. These preliminary researches were undertaken to see how far these expecta~- 
tions would be fulfilled. 









ExPERIMENTAL 


The sample of the bentonite was from Kashmir (India) and was obtained 
through the kindness of Dr. J. N. Mukherjee, the-then Director of the Indian Agricul- 
tural Research Institute. It is an almost white, apparently amorphous powder, 
appearing somewhat darker on wetting. An analysis of the sample shows that it 
contains SiOg, 52.6% ; AloOs3, 17.1% ; FeoO3, 1.6% ; CaO, 18% ; MgO, 2.1% ; KoO, NaoO, 
27%. The sample lost 21.8% in weight on heating so that the rest may be considered 
to be water retained under room conditions. 









The sorptions were measured gravimetrically in an apparatus previously des- 
cribed, (this Journal, 1949, 26, 308). A sensitive oil manometer was used (1 mm. 
oil = 0.0657 mm. mercury). No attempt was made to improve the evacuation beyond 
0.001 mm. mercury. The bentonite was powdered and sifted so as to pass through 
200 mesh and was then evacuated for several hours at 100°. In one experiment, 
3.729 g. of the bentonite after a preliminary drying in the air-oven lost 0.3062 g. on 
continued evacuation for four hours. Of this only 0.0006 g. was retained at the end 
of the first hour. The bentonite was then saturated with water vapour from a 
liquid reservoir attached to the apparatus (till some liquid condensed in the sorption 
bulb), left overnight and evacuated again at 100°, followed by several shorter flushings. 
The flushings did not produce any noticeable change in the weight of the sample, 
although even after evacuation for 2 to 3 hours a pressure of 0.3 to 0.5 mm. Hg over 
the bentonite could be detected. It is presumed that some water is tenaciously re- 
tained by the bentonite at 100° and is lost only at higher temperatures, This point 
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is being further investigated. The sample swelled and caked on saturation with 
water and did not fall back to powder on re-evacuation. Constant temperatures 
were maintained during sorption runs by immersing the sorption bulb in suitable 
bath materials contained in a vacuum flask. 

The Tsotherms—The adsorption and desorption isotherms at different tem- 
peratures are shown in Fig. 1. Pressures only up to about 250 mm. oil could be read 
on the manometer, so that the measurements had to be restricted to this limit. The 
bentonite was allowed to saturate itself with water at the end of every adsorption 
run, and then only was a desorption run started. Hysteresis occurred 
even at the lowest pressures recorded, and persisted at all pressures recorded at the 
temperatures studied, viz. 0°,20° and 35°. In the case of the isotherms at 0° (at 
which temperature it was possible to take measurements right up to the saturation 
pressure), it was found that hysteresis persisted even at the highest pressures, so that 
the separation of the two branches was complete. It was necessary to allow about 
two hours for equilibrium at every pressure to enable the author to obtain the smooth 
graphs shown. 


Fic. 1 


Sorption isotherms. 











alm (g./9. bentonite). 
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Pressure (mm, oil). 


Adsorption measurements with toluene were not successful, partly because leaks 
occurred when saturated vapour was introduced into the sorption bulb, and partly 
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because the rate of adsorption was slow. The desorption isotherms were, however, 
obtained without much difficulty. After completing runs with water vapour, the ben- 
tonite was evacuated for about two hours at 100°, and flushed once with toluene 
vapour. The desorption run thereafter is shown by curve I, Fig 1. The following 
desorption run (after one more flushing in which the sample was in contact with 
saturated vapour of toluene for several hours) is shown by curve II. Although the 
temperature was the same in each case (0°) there was quite a large increase in sorp- 
tion. Obviously therefore, some of the sorption space had remained blocked during 
the first run. One notes that the toluene isotherms appear to belong to type I. 

Hleai and Entropy Changes.—Isosteric heats of adsorption and desorption (Z) 
were calculated by constructing isosteres from the isotherms of Fig. 1, and using the 


equation 
dlogp _ L 


dQlT)  #£2303R 
Fic. 2 























= | | 
+ 200 x%/m 300 ™9g 
Fig. 2. Variation of heat of sorption. 
Fig. 3. ii » entropy of sorption with sorption. 
Full lines indicate desorption and the broken ones, adsorption. 





(= equilibrium pressure of the sorption system at the temperature Z fora fixed 
amount of sorption). The entropy changes (A) accompanying adsorption and 
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desorption were also calculated from the corresponding equation 

— dlogp _A 

dlogT FR 

The results of these calculations are shown in Figs. 2 and 3. Both Z andA 
are large at small sorptions and tend to approach the values for condensation 
(or evaporation) of water in bulk at large sorptions, but the slopes are far 
from monotonous inthe temperature range 0°-20°. Such graphs are quite well 
known (Chem. Rev, 1930: 7,259) and are not consistent with the assumptions of 
Brunauer-Emmett-Teller theory which requires a constant Z for those sorption ranges 
to which it may apply. Usually, it is considered that the theory applies to small 
sorptions (up to a relative pressure of 0.35) but it is really in this range that the heat 
variation is most pronounced. 


DISCUSSION 


The kind of hysteresis observed in these experiments is not common. It recalls 
the well established results with cellulose and its products (J. Textile Jnst., 1924, 15. 
T146). One might take into account the possible errors in these measurements. 
Both the pressures and adsorptions were measured directly by the simplest method 
possible and were accurate at least to 1Z onthe average. The only possible source 
of error left is lack of equilibrium. Every third or fourth point in Fig. 1 was obtained 


after the system had been left to itself at a constant temperature overnight. Some of 
the runs were carried out in triplicate and showed good agreement among themselves 


In the case of hysteresis observed with cellulose, it has been suggested that the 
number of sites (in this case, hydroxyl groups) at which water is attached increases 
with increasing intake of water and leads toa _ higher isotherm for desorption (zbzd., 
1929, 20, T125; 7 Phys. Chem., 1930, 34, 1165). This picture would again require 
that the heat effect should remain constant, which is contrary to present observations. 
The entropy curves in Fig. 3 suggest that the motion of water molecules becomes 
greatly restricted compared to the same in the vapour phase when molecules are 
sorbed from low pressures (2/m low). This difference decreases (except for some 
anomaly in the middle region) as a/m increases. If there bea possibility of the 
assembly of sorbed molecules getting oriented, A values would be larger if orientation 
is more pronounced, other conditions being the same. One notes that the A curves 
for desorption are located higher than those for adsorption. There is therefore a 
possibility of understanding hysteresis in terms of orienation, but a detailed discussion 
may not be justified at this stage. It appears that the variations in Z and A, which 
are quite frequently similar to those presented here, have not been sufficiently taken 
into account in formulating current theories of sorption and hysteresis. 


CuemicaL LABORATORY, Received June 18, 1953. 
Scrence CoLieGce, Patna 5. 





(Jour. Indian Chem. Soc., Vol. 31, No. 2, 1954] 


EXPERIMENTS ON THE SYNTHESES OF FURANO COMPOUNDS. 
PART III A NEW SYNTHESIS OF 8-BRAZAN. SYNTHESIS 
OF KOSTANECKI’S 3-METHOXY-, 3: 8 : 9- TRIMETHOXY- 
AND 3: 4:8 : 9-TETRAMETHOXY-S-BRAZANQUINONE® 


By J. N. CHATTERJEA 


Starting from coumaran-dione, a short and unambiguous synthesis of 6-brazan has been effected. 
The extension of the general method embraces the synthesis of the brazanquinones named in the 
ticle. A method of the preparation of 6:7-dimethoxycoumaran-dione is given. 


In a previous communication (Part I, this Journa/, 1953, 30,1), a novel syn- 
thesis of 3:8:9- trimethoxy-8-brazan and some of its derivatives was described. 
8-Brazan itself has now been synthesised by a simple and unequivocal method. 

Reichstein and his co-workers have developed an ingenious synthesis of 
ethyl coumarone-2 : 3-dicarboxylate (III) from coumaran-dione (I) by the interac- 
tion with ethyl bromoacetate in alcoholic sodium ethoxide when the furan ring 
was opened up to give the keto-ester (II) and then reconstituted to (III) (Titoff, 
Miiller and Reichstein, Helv. Chim. Acta, 1937, 20, 883). If ethyl bromoacetate 
is replaced by w-bromoacetophenone (cf. Mayer e¢ al. Annalen, 1931,488, 262 for 
the analogous sulphur series) in the above reaction, the sole crystalline product 
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was ethyl 2-benzoylcoumarone-3-carboxylate (IV, R=Et). The related acid (IV, 
R=H), which was best purified through the sodium salt gave, f-brazanquinone 
(V) inexcellent yield, on cyclisation through the acid chloride at the room 
temperature. The latter on reduction with hydriodic acid gave f-brazan in 
good yield. The identity was confirmed by direct comparision with the 
German commercial specimen, kindly provided by Dr. Kruber of Gesellschaft 
fiir Teerverwertung and was also identical with the brazan prepared according to 
Mosettig and Robinson (_/. Amer. Chem. Soc., 1939, 61, 1148) from the ketone (VID 


* Apreliminary account appeared in Hxper., 1953, 9, 256, 
3 
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by the Wolff-Kishner reduction, followed by selenium dehydrogenation. This 
synthesis, it may be noted, is quite unambiguous and therefore the structure of 
B-brazan, which has been questioned previously (Ebel, Helv. Chim, Acta, 1929, 
12,3; Orchin and Reggel, 7. Amer. Chem. Soc., 1948, 70, 1247, footnote) may now 
be regarded as settled. 

An obvious alternative route involving similar reaction is by the condensa- 
tion of salicylaldehyde with o-carbomethoxy--bromoacetophenone. The reaction 
did not proceed satisfactorily by the acetone—K2CO; procedure In alcoholic 
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sodium methoxide, however, the product was the keto-ester (VIII, RoMe). But 
all attempts to cyclise the corresponding acid (VIII, R@H) by way of the 
acid chloride or by phosphoric anhydride were defeated, indicating that substitu- 
tion at the B-position of the furan ring is not very favourable. This cyclisation 
has been effected (cf. Remick, “Electronic Interpretation of Organic Chemistry”, 
Wiley, 1946, p. 105). 

Condensation of 6-methoxycoumaran-dione (Part IV to be published in the next 
issue) with w-bromoacetophenone likewise gave ethyl 6-methoxy-2-benzoylcoumar- 
one-3-carboxylate (IX. R=Et, R’=R’=—H) which on hydrolysis and cyclisation gave 
3-methoxy-8-brazanquinone (X, R’=R"=H) synthesised earlier by Kostanecki and 
Lampe, by the condensation of 2: 3-dichloro-1:4-naphthaquinone with resorcinol, 
followed by methylation (Zer., 1908, 41, 2373). 

Kostanecki e¢ a/. (Ber., 1903, 36, 2200, 2205) have prepared 3:8: 9-trimethoxy- 
B-brazanquinone (X, R’=H, R’=OMe) and 3:4:8:9-tetramethoxy- f-brazanquinone 
(X, R'=R”=OMe) by the oxidation of 3:8:9-trimethoxy-6-hydroxy-8-brazan and 
3:4:8: 9-tetramethoxy-6-hydroxy-8-brazan (both derived from natural sources) 
respectively with chromic acid. In Part I of this series (Joc. ci/.) a synthesis of 
(X, R’=H, R”=OMe) was described. The synthesis of the two above mentioned 
quinones has been achieved along the lines adumbrated above. 


6-Methoxycoumaran-dione was converted into ethyl 6-methoxy-2-veratroy]l- 
coumarone-3-carboxylate (IX, R=—Et,—R’=H, R”=OMe) by the recaction with 
w-bromoacetoveratrone in alcoholic sodium ethoxide. The related acid on cyclisation 
gave (X,-R’=H, R”=OMe), identical with the specimen synthesised earlier (cf Part 1). 


6: 7-Dimethoxycoumaran-dione (Part IV, loc. czt.) required for the synthesis of 
the tetramethoxyquinone was conveniently prepared from 6:7-dimethoxycoumaranone 
(Felix and Friedlander, Monaésh., 1910, 31, 55) as its preparation from 2: 3-dimethoxy- 
phenol was not suitable due to its inaccessibility. On treatment with nitrous acid, the 
coumaranone was converted into 6: 7-dimethoxy-2-oximinocoumaranone and was 
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then hydrolysed with concentrate! hydrochloric acid to 2-hydroxy-3: 4-dimethoxy- 
phenylglyoxylic acid which was cyclised to 6: 7-dimethoxycoumaran-dione. This 
was similarly converted into ethyl 6: 7-dimethoxy-2-veratroyl-3-carboxylate, and 
the corresponding acid on cyclisation furnished the required quinone (X, R’=R”= 
OMe), purified by sublimation in vacuum. The identity was confirmed by colour 
reaction and by reductive acetylation to 3:4:8: 9-tetramethoxy-6:11-diacetoxy- 
8-brazan (XI). 
O 
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EXPERIMENTAL * 


Coumaran-dione was prepared from isatin according to the procedure of 
Reichstein ef a. (loc. cit.). The m. p. of the compound is 134° and not 54°, as reported 
in the paper. 


Ethyl 2-Benzoyleoumarone-3-carboxylate—To a solution of sodium ethoxide 
(from Na, 0. 23 g.) in absolute alcohol (15 c.c.) was addde coumaran-dione (1.48 g.) in 
the cold. Then o-bromoacetophenone (2.0 g.) was added and “he mixture refluxed 
for 2 hours. Sodium bromide separated quickly which was filtered from the 
hot solution,the filtrate concentrated and cooled. The ester (IV, R=Et) which 
separated quickly was collected (2.5g.), crystallised from alcohol, and was obtained in 
beautiful colorless plates, m.p. 108-108.5°. (Found: C, 73.0; H, 4.6. C;gH;4O4 requires 
C, 73.5: H, 48 per cent). The compound dissolves in sulphuric acid giving a deep 
yellow coloration. 

2- Benzoylcoumarone-3-carboxylic Acid.—The foregoing ester (2.2 g.) was hydro- 
lysed by boiling with aqueous alcoholic sodium hydroxide (50c.c., 12%) for } hour. 


After removing alcohol on the water-bath, the mixture on cooling afforded crystalline 
sodium salt of the acid (IV, R=H) which was collected and crystallised from a large 


* All m. p.s are uncorrected. 
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volume of alcohol. It was obtained in cream-colored wooly needles, m.p. 260°. The 
sodium salt was dissolved in warm water and then acidified with concentrated hydro- 
chloric acid when a gum was thrown down which solidified quickly, The aczd (IV, 
R=H) crystallised from benzene-petroleum ether in colorless prismatic needles, m.p. 
126-27°. (Found: C, 72.2; H, 3.6. C;¢H:00O,4 requires C, 72.2; H,3.8 per cent). The 
2:4-dintlrophenylhydrazone crystallised from alcohol in yellow needles, m.p. 262-63" 
with previous sintering. (Found : N, 12. 2. CooH;4O7N, requires N, 12.5 per cent). 


B-Brazanguinone (V).—The above acid (0.75 g.) was converted into the acid 
chloride by treating it with thionyl chloride (10 c.c.) and leaving overnight. Next 
day, thionyl chloride was removedin vacuum, last traces of which were removed by 
repeated additions of carbon disulphide, followed by its removal invacuum. The resi- 
due was dissolved in carbon disulphide (15 c.c.), cooled in ice and then aluminium 
chloride (2.2g., added in excess) was gradually added. The mass turned very dark 
and after 5 hours carbon disulphide was decanted and the residual aluminium chloride- 
complex was decomposed by ice and hydrochloric acid. The greenish yellow crystal- 
line product (0.6g.) was washed with water, ammonium hydroxide and then with 
alcohol. f§-Brazanquinone crystallised from acetic acid in yellowish needles, m.p. 244’. 
(Found: C, 77.1 ; H, 32. C1g¢H,Os requires C, 77.4; H, 3.2 per cent). On sublimation 
at 200710mm., it was obtained in perfectly yellow needles, m.p. 245° (lit. m. p. 245-46’). 
It dissolves in sulphuric acid with a brownish pink coloration. 


B-Brazan—The above quinone (0.25g.) was refluxed with hydriodic acid (12 c.c., 
d@ 1.7) for 4 hours. The mixture was poured into water, the colour of iodine re- 
moved by the addition of sodium bisulphite and the crystals of 8-brazan filtered and 
washed successively with dilute sodium hydroxide and water. On crystallisation from 
benzene-alcohol, (VI) was obtained in beautiful colorless plates, m.p. 208°, undepressed 
on admixture with authentic specimens. (Found: C, 87.8 ; H, 4.4. Calc. for C; gH 00: 


C, 88.1; H, 4.5 per cent). 


6: 11-Diacetoxy-B-brazan—A mixture of 8-brazanquinone (0.05 g.), zinc dust 
(0.05 g.), acetic anhydride (2 c. c.) and fused sodium acetate (0.2 g.) was refluxed for 
2 hours. The colorless solution was added to water and the residual zinc extracted 
with small quantities of acetic acid which were combined and added to water. The 
precipitate of the diacetate was collected, crystallised from acetic acid and was ob- 
tained in colorless silky needles (40 mg.), m. p. 245.5-46° (F.P. 779,214 gives m. p. 246’). 
(Found: C, 71.5; H, 4. 2. CooH14O5 requires C, 71.9; H, 4.2 per cent). 


2-(0- Carbomethoxybenzoyl) coumarone (VIII, Rm Me)—To a solution of sodium 
methoxide (from Na, 0.25. g.) in dry methanol (20 c.c.) was added salicylaldehyde (1.2 g.) 
in the cold withstirring. Tothis was added o0-carbomethoxy-w-bromoacetophenone 
(2. 6g., prepared according to Gabriel, Ber., 1907, 40, 73, 4227). The solution turned 
orange-yellow and after refluxing for 4 hours, alcohol was removed by distillation. 
Water was added, the mixture extracted with ether and the ethereal layer washed 
with dilute sodium carbonate solution. On removal of the ether, the ester (VIII, 
R=Me) was obtained as a colorless oi] which showed no tendency to crystallise. 
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This was hydrolysed with aqueous alcoholic sodium hydroxide (35 c.c.,5%) for 
15 minutes. Alcohol was removed; the residue on acidification gave a yellow 
gummy material which solidified on leaving in the refrigerator. The acid (VIII, 
R=H) was crystallised from alcohol and obtained in colorless prisms, m. p. 203°, 
yield O9lg. (a further amount of 0.3g. recovered from the mother-liquor). 
(Found : C, 72.0; H, 3.6. CygH,0O4 requires C, 72.2;H, 38 per cent). The. 
2: ‘-dinttrophenylhydraxone crystallised from alcohol in garnet-red needles, m. p 
194°, (Found : N, 12.3. CogH14O07N, requires N, 12.5 per cent). 


Ethyl 2-benzoyl-6-methoxycoumarone-3-ca rboxylate was prepared by - the 
interaction of 6-methoxycoumaran-dione (2.7g.) and «-bromoacetophenone (3.0g.) 
in alcoholic sodium ethoxide (sodium 0.35¢., alcohol. 15 c.c.) for 14 hours. The 
compound dissolved in alcohol and crystallised in colorless needles, m. p. 96-97", yield 
2.4 g. It imparts an orange-red coloration to sulphuric acid. (Found: C, 70.0; H, 4. 9. 
Ci9H160O; requires C, 70.4; H. 4.9 per cent). This ester (22 g.) was bydro- 
lysed by refluxing with aqueous alcoholic potash (60c. c.,5%) for one hour. Aci- 
dification after removal of alcohol gave 2-benzoyl -6-methoxyvcoumarone-3 carboxylic 
acid (18 .) asa yellow product crystallising from acetic acid in beautiful yellow 
needles, m. p. 165-66°. [Found : C, 70.0; H, 4.0; OMe, 10.3. C,7H)9O; requires 
C, 70.0; H, 4.0; OMe (1), 104 per cent]. The oxime, prepared in pyridine, 
crystallised from acetic acid in colorless prisms, m. p. 176-78 (slow decomp.). 
(Found : N, 4.5. C;;H;30;N requires N, 4.5 per cent). 


3-Methoxy-B-brazanguinone—The foregoing acid (1.0g.) was suspended in 
benzene (30 c.c.) and boiled under reflux with phosphorus pentachloride (0.7 g.) 
for 15 minutes. The mixture was cooled and treated with pure anhydrous alumi- 
nium chloride (2.5 g.). The purple solution was decomposed next day with ice 
and hydrochloric acid, benzene removed in a current of steam and the residue 
triturated with alcohol. The crystalline product was washed with sodium hydro- 
xide solution (2%), water and then crystallised from pyridine. The brazanquinone 
(0.15 g.) was obtained in shining golden yellow plates, m. p. 291° (lit., m.p. 290°). 
(Found: C, 701; H,3.7. Cale. for Cy:H;9O4: C, 70.0; H,36 per cent). 
The compound dissolves in sulphuric acid witha bluish green colour. 


Ethyl 2-Veratroyl-6-methoxycoumarone-3-carborylate.— -Bromoacetoveratrone 
(2.8g. prepared according to Mannich and Hahn, Zer., 1911, 34, 1549) was 
added toa cooled solution of 6-methoxycoumaran-dione (1.8 g.) in alcoholic sodium 
ethoxide (sodium, 0.26 g. in alcohol, 20c. c.). On isolation, the ester (IX, R=Et, 
R’=H, R’=OMe) was obtained as a gum which solidified quickly in presence 
glacial acetic acid. The product (1.8-1.9 g.) crystallised from acetic acid (70%) 
in colorless wooly needles, m.p. 127-28° giving a deep red coloration with sulphuric 
acid. (Found: C, 65.4; H,5.2. Co,HeoO, requires C, 65.6 ; H, 5.2 per cent). 


Hydrolysts—The above ester (1.5 g.) was boiled for 1 hour with aqueous alco- 
holic potash (40c.c., 5%). After removing alcohol in vacuum, the sodium salt on 
cooling separated as an oil which was dissolved in warm water and acidified. A 
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yellowish jelly-like mass was obtained which became granular on boiling with 
alcohol. The wooly yellow mass of the aczd (12 g.) was collected, crystallised 
from glacial acetic acid and obtained in yellow needles, m.p. 208°. (Found : C, 63.7; 
H, 4.5. Cy9H,.O, requires C, 64.0; H,4.5 per cent). The product gives a deep 
red coloration with sulphuric acid. 


3:8: 9-Trimethoxy-B-brazanquinone.—The foregoing acid (0.3g.) was suspen- 
ded in dry benzene (7c.c.) and converted into the acid chloride by boiling with 
Phosphorus pentachloride (0.2g.) for 12 minutes. The mass was cooled in ice and 
carefully treated with anhydrous aluminium chloride (0.9g.) with frequent stirring. 
The solution turned bluish green, whilst the solid aluminium chloride 
assumed purple colour probably due to the formation of the complex compound. 
After leaving at the ordinary temperature for 36 hours, the mass was decomposed 
by ice, benzene removed by steam distillation and the residue made alkaline. The 
orange-red insoluble portion (0.08 g.) crystallised from acetic acid in orange-red 
needles, m.p. and mixed m_p. 263°, identical with a specimen of 3:8: 9-trimethoxy-/- 
brazanquinone obtained by the oxdation of 3:8 : 9-trimethoxy-8-brazan. (Found : C, 
67.4; H, 4.4. Cale. for C19H1 04: C, 67.5; H, 4.1 per cent). 


6: 7-Dimethoxycoumaranone was prepared according to the procedure 
of Felix and Friedliinder (Joc. cat). The semtcarbaxon » crystallised from -buta- 
nol in colorless small prisms, m.p. 223° (decomp.). (Found: N, 16.7. Ci;H:sO4Ns 
requires N, 16.7 per cent). 


2-Oxtmino-6 : 7-dimethoxycoumaranone.—A solution of the above coumaranone 
(10 g.) was dissolved in acetic acid (100c.c.) and treated with sodium nitrite (18 g.) 
which was added in the course of 8hours. Some of the oxtmino compound sepera- 
ted during the period of addition. Next day, water (30c.c.) was added, the product 
(10g.) collected and crystallised from acetic acid. The compound was obtained in 
slightly yellow needles, m. p. 194° (decomp.). (Found: N, 62. Ci9H O;N requires 
N, 6.3 per cent). 


2-Hydroxy-3: 4-dimethoxyphenylglyoxylic Actd—The hydrolysis of the above 
mentioned oximino compound (1.9g.) was done with concentrated hydrochloric acid 
(20 c.c.) at 70°-80° and maintained at this temperature with constant stirring for 4 hour. 
The oximino compound was rapidly replaced by fine needles of the glyoxylic acid 
(1.5g.) which was crystallised from water and obtained in cream-colored needles, m.p. 
and mixed m.p. 178°. The identity was confirmed by cyclisation to 6:7-dimethoxycou- 
maran-dione, m.p. and mixed m.p. 153° (cf. Part IV). 


Ethyl 2- Veratroyl-6 : 7-dimethoxycoumarone-3-car boxylate.—6: 7-Dimethoxycou- 
maran-dione (2.1g.) was added to cooled alcoholic sodium ethoxide (0. 23g. of sodium 
in 23 c.c. alcohol) and then »-bromoacetoveratrone (2.6 g.) was added and refluxed 
for 2 hours. _ The es¢er (IX, R=Et, R’=R”=QOMe) isolated in the usual manner was 
very reluctant to crystallise. It crystallised slowly from alcohol aftera long period 
and was obtained in light yellow prisms, mp. 99-101°. (Found: C, 63.6; H, 5.5. 
CeoeHe20s, requires C, 63.8; H, 5.3 per cent). The compound imparts a deep red 
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coloration to sulphuric acid. The related acid was prepared by hydrolysing the crude 
ester (obtained inthe above preparation) by alcoholic potash (30c.c., 6%). The 
yellow precipitate of the acid, obtained on acidification, crystallised from acetic acid or 
pyridine in fine yellow fibrous mass, m.p. 205°. (Found: C, 623;H, 48. CooH:.O, 
requires C, 62.1, H. 4.7 per cent). It dissolves in sulphuric acid with a deep red colo- 
ration. 


3:4:8: 9-Zetramethoxy-B-brazanquinone.—The foregoing acid (1.0 g.) was con- 
verted into the acid chloride by suspending it in benzene (20c.c.) and refluxing 
it with phosphorus pentachloride (0.7 g.) for 10 minutes. The mixture was cooled 
in ice and treated carefully with stirring with aluminium chloride (25g). The 
whole mass became purple and the mixture allowed to stand for 12 hours and 
then decomposed with ice and hydrochloric acid. Benzene was removed 
and the solid residue was washed with water and then with dilute alkali. The /efra- 
methoxybrazanquinone (0.31g,) crystallised from glacial acetic acid in brownish red 
needles, m. p. 264-65°, melting to a wine-red liquid. It was further purified by subli- 
mation at 240°/40mm. and was obtained in long pinkish leaflets, m. p. 265°. (Found: 
_C, 648 ; H, 4.3. Cale. for CooH;.O7: C, 65.2 ; H, 4.4 per cent). 

3:4:8:9-Zetramethoxy-6 : 11-dtacetoxy-B-brazan was prepared as the corres- 
ponding unsubstituted compound by reductive acetylation. This crystallised from 
acetic acid in colorless needles, 234-35. (lit., m. p. 234°). (Found: C, 63.1 ; H, 48. Calc. 
for Co4HeeQO¢: CG. 63.4; H, 48 per cent). 


The author wishes to thank Dr. O. Kruber for a kind gift of a generous amount 
of B-brazan obtained from coal tar. The author also wishes to thank the authorities 
of the Science College for providing facilities. 


CHEMICAL LABORATORY, 
Scrence Coiuiece, Patna-5. Received September 17,1953. 
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N-ACYLATION UNDER NON-BASIC CONDITIONS* 


By Ayay Kumar BosE 


N-Acylation under non-basic conditions was achieved in good yield by heating under reflux amino 
compounds or their hydrochlorides with an acid chloride or a mixture of a carboxylic acid and phospho- 
rus trichloride. No racemisation was observed when optically active components were used. 


In connection with our work on f-lactams (Sheehan and Bose, /. Amer. Chem 
Soc., 1950, 72, 5158 ; 1951, 73, 1761) it was necessary to acylate under non-basic 
conditions N-substituted aminomalonic esters with various <-halo-acids. Chloroace- 
tic anhydride was used for chloroacetylation. The anhydrides of other «-halo-acides 
that we planned to use were not readily available, hence, there was a need for alter- 
native methods. 

Franzen (Zer., 1909, 42, 2465) has shown that amides can be obtained in excel- 
lent yields by heating under reflux an aromatic acid chloride with the hydrochloride 
of an amino compound in an inert solvent. 


A technique used in the dyestuff industry for preparing arylamides from 2: 3- 
dihydroxynaphthoic acid and similar compounds consists in heating the acid with an 
arylamine in an inert solvent in presence of PCls, POCIs or thionyl chloride (D. R. P. 
264527 ; Chem. Centri., 1913, II, 84, 1262; D. R. P. 293897; Chem. Cenérl., 1916, II, 87, 
617). Recently Siis (Annalen, 1949, 564, 54) has used essentially the same method 
for N-acylating some thiazolidines and <-amino-esters. During the war-time research 
on penicillin (Clarke, Johnson and Robinson, “The Chemistry of Penicillin”, Princeton 
University Press, Princeton, N. J., U. S. A., 1949, p. 975) PCls was used as an intra- 
molecular acylating agent for the synthesis of 1:4-diphenyl-2-azetidinone from §-phe- 
nyl-8-anilinopropionic acid. 

In view of these and of our own experiments, we suggest the following equa- 
tions to represent two very general and convenient methods of N-acylation under 
non-basic conditions. 

RCO,H+PC13+R’R’NH or R’R”NH. HCl 
+ 
—— 


RCOCI+R’R'NH or R’'R” NH. HCl 


Aliphatic or aromatic acids or the corresponding acid chlorides, whichever 
are more conveniently available, can be used with very satisfactory results. The 
amino compound may be an amine, a heterocyclic base, an amino-ester or the corres- 
ponding hydrochloride. The reactions are convenient to carry out and give very 


good yields. 


*This work was done in the Department of Chemistry, Massachusetts Institute of Technology, 
U.S. A., in 1949-50. 
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These acylation methods were successfully employed in our f-lactam work 
(Sheehan and Bose, oc. ctt.). We have also found that these are usually the methods 
of choice for preparing amides of amino-acids. Thus, by the interaction of phthalyl- 
/-phenylalanine, phosphorus trichloride and aniline, the anilide of phthalyl-/-phenyl- 
alanine was obtained in 96% yield. By using the conventional procedure, that is, by 
treating phthalyl-/-phenylalanyl chloride with an excess of aniline, the yield of the 
anilide was 65% (work done in this laboratory by D. W. Chapman). The value of 
the optical rotation of the anilide in both cases was the same. When the anilide was 
formed by refluxing aniline with one equivalent of the acid chloride, the yield was 
87% and no racemisation was observed. Amines other than aniline can be succes- 
sfully used. 

When the anilide was made from 2:2-dimethyl-3-formyl-4-carboxy-thiazolidine 
by interaction with aniline and PCls, it was optically active and the yield was 98% 
(work done in this laboratory by W. A. Armstrong). If, however, the acid chloride 
was prepared first by reaction with PCI; and this was then allowed to react with 
two equivalents of aniline, the product (47% yield) was optically inactive. 



















The acylation procedures described above are simple and yield nearly pure 
reaction products. These methods appear to be particularly well suited to derivati- 
zation of either carboxylic acids or amino compounds, 







"EXPERIMENTAL 





Diethyl Chloroacetanilidomalonate——(a). A solution of diethyl anilinomalo- 
nate (1g.), chloroacetic.acid (1g.) and 0.5 ml. of PCls in benzene was heated under 
reflux for 2 hours. The solvent was removed under reduced pressure, and an excess 
water was added to the residue with stirring. A crystalline colorless solid. (13 g., 
99%), m.p. 90-94°, was obtained. After recrystallisation from ligroin, the m. p. was 
94°, undepressed on admixture with an authentic sample of diethyl chloroacetanili- 
domalonate. 

(4). A benzene solution of 1 g. of diethyl anilinomalonate and 0.4 ml. of chloro- 
acetyl chloride was heated under reflux for 3-3} hours. The reaction product (1.24g., 
95%), m. p. 92.5-95°., was isolated as in part (a), above. 

(c). A benzene solution of diethyl anilinomalonate (0.5g.), chloroacetic acid 
(0.2 g.) and 0.3 ml. of POCIs was heated under reflux for 2-24 hours. Using the iso- 
lation procedure outlined in (a), 0.55 g. of a brown oil was obtained. The oil crys- 
tallised on standing ; recrystallisation from ligroin gave colorless needles, m. p. 94°, 
(0.5 g., 76%). 

Diethyl Chloroacetamtdomalonate—(a). Diethyl aminomalonate hydrochloride 
(2.12 g.), chloroacetic acid (1 g.) and PCls (0.4 ml.) were heated under reflux in ethy- 
lene dichloride solution for five hours. Using the isolation procedure described 



















*All melting points are corrected. 
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above, 1.9 g. (75%) of a colorless solid, m.p. 99-101.5°, was obtained. A sample recrys- 
tallised from ligroin, m.p. 101-101.5°, melted at 100-101° on admixture with an authen- 
tic sample of diethyl chloroacetamidomalonate. 


(4). The clear solution obtained by dissolving diethy! aminomalonate hydro- 
chloride (2 g.) and 2 ml. of chloroacetyl chloride in 30 ml. of chloroform was refluxed 
overnight. On removing the solvent and adding a dilute solution of sodium bicar- 
bonate, 1.98 g. (83%) of a colorless solid, m. p: 97-100.5°, was obtained. On recry- 
stallisation from ligroin, hair-like needles, m.p. 100-101.5°, were obtained. 


Phthalyl-\-phenylalanylanilide.—(a). A benzene solution of phthalyl-/-phenyl- 
alanine (200 mg.), aniline (85 mg, one equiv.) and 0.4 ml. of PCls was refluxed 
for 5hours. The solvent was removed andthe crushed residue was washed with 
water and sodium bicarbonate solution on a filter. A white solid (0.26 g., 96%), m-p. 
200-203°, was obtained. An analytical sample prepared by several crystallisations from 
dilute alcohol melted at 204.5-205°; [x]2® (CHCI,), -103.2°. (Found: C, 74.83; H., 5,12; 


N, 7.59. Cale. for CosH1sO3Na: C, 74.58; H, 4.90; N, 7.56 per cent). 


(2). A benzene solution of phthalyl-/-phenylalanyl chloride (0.150g., prepared 
by the action of PCl,; on phthalyl-/-phenylalanine in 80% yield) and aniline 
(0.045 g.) was refluxed for 5 hours. On working up the reaction product in the usual 
manner, 0.135 g. (76%) of a colorless solii, m.p. 200-204°, was obtained. On recrys- 
tallisation from dilute alcohol, the m.p. was raised to 205-206°; [<]2°5 (CHCls) was 
-103.3°. A second experiment on the same scale gave 0.155 g. (87%) of the anilide, 
m.p. 199-2)3°, before recrystallisation. 


The author is grateful to Prof. John C. Sheehan for his interest in this work 
and his valuable suggestions and indebted to Mr. S. M. Nagy and his associates for 
micro-analyses. 


AppLieD CHEeMIsTRY DEPARTMENT, Received Apri 24, 1953. 
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PHYSICO-CHEMICAL STUDIES ON THE COMPLEX FORMATION 
BETWEEN THORIUM ION AND OXALATE ION. PART I. 
DISSOCIATION CONSTANT OF K,[ Th(C20,)4] 


By Monisua Boss anp D. M. Coowpnury 


The dissociation constant, and hence, the stability of the complex [Th (CgO,',]*~ has been deter- 
mined from the py values at the beginning of precipitation of Th(OH), and foundto be nearly equal 
to that of a perfect complex. The stability, however, is affected by the hydrolytic decomposition. 


Of the three thorium-oxalato complexes described in the literature (Wirth and 
Hauser, Z anorg. Chem., 1912, 78, 75; Whitmore and Holden, 7, Amer. Chem. Soc., 
1914, 36, 1853) Ky{Th(C.O4),] is the only soluble salt. Thermometric and cry- 
oscopic titrations of potassium oxalate-thorium nitrate systems also corroborate the 
existence of this tetraoxalate at all concentration ranges (unpublished studies). The 
dissolution of thorium oxalate in alkali oxalate (Bahr, Annalen, 1864, 132, 231) leads 
to the formation of the same complex. It is very stable in excess alkali oxalate and 
is not precipitated by dilution, whereas the double oxalates of the rare-earth metals 
are decomposed and precipitated out (Bunsen, Amn. Phystk., 1875,155, 375). 
This property of thorium forms the basis of its separation from the rare-earths. The 
exact determination of the stability constant of the tetraoxalate, thus, appears to be 
an interesting piece of work which would lead tothe proper appreciation of the 
above phenomenon, so important analytically from a quantitative standpoint. 


The dissociation of the tetraoxalate may be represented as 
(Th(C,O,),]* 2 Th** + 4(C20,4°) a > (1) 
and hence, the overall dissociation constant X is given by 


~ (Th**] [C,0,?"] * i” e: (2) 


A TTb(C204)) 


Thus, in evaluating X, the activities of free [Th**] and (C2O4?" ] as wellas that 
of the complex [Th(C2O,4)4] *” are to be determined separately. 


ExPERIMENTAL 


The reagents used were of ‘Analar’ grade. The solutions were prepared and 
their strengths were determined according to standard methods. 


Determination of Free (Th**] in Solution —For the measurement of the activity 
of free Th** in solution, recourse may be taken to the method of decomposition of 
the complex by alkali (Lacroix, Bud/. soc. chim. 1947, 18, 408) wherein the fu at the 
beginning of precipitation of Th(OH), can be used asa suitable indicator for the 


evaluation of free [Th** as discussed below. 
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The precipitation of Th(OH)4 depends on the solubility product relation- 
ship. Then 


(Th**] [OHy] * = s = 10-46 un ben af (3) 
10°46 

* CTR") "Fy 

or logi:o [Th**] = 10-442 ai shi bs (4) 


The value of the #x is determined experimentally, and substituting this value 
in equation (4) [Th‘*] can be found out directly. 


The colloidal nature of the Th(OH),, when precipitated in the cold, seriously 
affects the reliability and reproducibility of the x measurements Hence, in the 
present work, Haissinksy and Jeng-Tsong’s (Anal. Chim. Acta, 1949, 3, 422) proce- 
dure of precipitating Th(OH), from boiling Th(NOs)4 solutions was adopted and the 
method of continuous titration was discarded in favour of bottle titrations performed 
by the addition of different amounts of alkali to boiling acidified Th(NO3)4-KeCoO, 
mixtures in a series of stoppered Jena conical flasks. The resulting solutions were 
cooled and their Jx’s were measured with a glass electrode using a Beckman fx 
meter. The experiments were performed at different Th: oxalate ratios above the 
critical value of 1: 8 (corresponding to the beginning of hydrolytic decomposition) and 
by adding KSCN solution to maintain a constant ionic strength. The Th(NOs), 
solutions should be very dilute (0.00114), as difficulty arises with more concentrated 
solutions in the assumption of unit activity coefficient for the complex [Th(C2O4)4]* 
ion. The results of the fi#z-titrations curves are shown in Figs. 1-to 3. 

Fic. 1 





CuRVE 











1 
2 
ALKALI (¢ ¢) 


Volume of solution taken = 


{ strength of Th (NO,), 


inwhch { * » K-Ce 
‘ ” ” . 


Bolg » KSCN 
Strength of alkall added 


+. 


Curve I 
30 c. c. 
0.02505 M 
Nil 
0.034N 
Nil 
0.9909 


Curve II 
40 c. c. 


0.0009855_M 
0.008893 M 
0.002N 
0.04301 M 


0.08023.V 
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Actual Location of pu at the beginning of Prectpitation from the Curve.—For 
different values of Th: oxalate, a family of curves is obtained which is similar to that 
obtained with pure Th(NOs3)4 solution. The inflexion in the first portion of the curve 
corresponds to the neutralisation of the free acid and the flat portion represents 
the zone of precipitation of the hydroxide. The exact location of the beginning of the 


precipitation is rather difficult, as formation of basic compounds Th(OH): (NO3)e 
Fic. 2 











Curve II 


Volume of solution taken = « Ce Wc. c. 
0.0009855 M 


{ strength of Th (NOs), 0.0009855 M 
etic {OT ee ag 
0.035 M 0.035M 
0.08023 0.08023.V 


etc. precedes the hydroxide precipitation. In practice, however, the point C’, 
corresponding to the intersection of 4, andthe prolongation of the flat portion is 
taken as the point of commencement of precipitation. It has been shown that the 


error committed in this case is negligible. 
Fic. 3 


curve T 


CURVE I 








ALKALI (c.c) 
Curve I Curve Il 
40 c. c. 40 c. c. 
0.0009855 0.0009855 M 
0.0140M 0.0184M 
0.002NV 0.002.V 
0.025M 0.015M 
0,08023.V 0,08023.V 


Volume of solution taken 
if strength of Th(NOs3), 


in which | sad ° HNO - 
’ KSCN. 


undo 


= ~~ 
Strength of alkali added 
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Table I gives the free [Th**] ion activities for the different Th(NOs),- 
K2C2O,4 mixtures as determined from the fu measurements. 


TABLE I 


Total thorium 1:11.14 1:12 1:14 


total oxalate 


pu at the beginning 
of precipitation 7.12 7.25 7.33 7.37 7.50 


Free [Th**] 3.311 10-'® 1x10-'9 4.786 x 107 2° 3.311 x 10-2° 1x 10-2° 

Determination of the Free Oxalate.—The free oxalate in acidified Th(NOs3)4- 
K2CeO, mixture is partially converted into HC,gO,4" or it may be stated otherwise 
that the acid added is quantitatively transformed into HC,O,4°~ ion in presence of 
excess of oxalate according to the equation 

Ht + C204?” 2 HC2O,” ‘ (5) 

Thus, it may be said that during addition of alkali, it is the HC.O,4° ion that is being 
neutralised and the following relationship holds good 


[ CoO,?" J 
pu =pKoqtlog [HC.0,°) - (6) 
where Kg is second dissociation constant of oxalic acid. 

In the equation, #X_ is known, and before the addition of alkali, HC2O4~ con- 
centration may be taken to be the same as that of the free acid added. The C20,” 
concentration in the initial mixture can then be calculated from its fu value and, 
[HC20,4°] + [CoO,4?"] gives the free oxalate in solution. The values of the total 
free oxalate concentrations in the different mixtures are shown in Table II. 


TABLE IT 
Total free oxalate ; 
Total Th : total oxalate. (HC,O,°"]. (C,O,?°) a ([HC,O,7) + (C.O,? “4, 


:9 0.001988 0.003587 0.00557 5 

: 11.14 0.001988 0.005554 0.007542 

:12 0.001988 0.007084 0.009072 

: 14.2 0.001988 0.008028 0.010020 

: 18.7 0.001988 0.01133 0.013318 

Determination of K—When the free [Th**] and the free [C2O,4?"] in solution 
are determined, the dissociation constant Kof the complex can be calculated by 
knowing the activity of the complex ion which can be taken as the difference between 
total [Th] in solution and the free [Th**] (activity coefficient assumed to be 
unity). 


The values of X in the different reaction mixtures are shown in Table III, 


TABLE III 
K at 30° 3.25 x 10°25 3.25 x 10-25 3.30 x 10°25 3.40 x 10°25 3.20 x 10-75 


Total Th: total oxalate 1:9 1:11.14 1:12 1: 142 1: 18.7 
Mean K #3,28 x 10°35 
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DISCUSSION 


The experimentally observed K value of the tetraoxalate is almost that of a 
perfect complex, indicating a high order of stability. In fact, the phenomenon of 
dissolution of the highly insoluble Th(C,O,)¢ in alkali oxalate, in itself, points 
to such a conclusion, as even a slight dissociation would have caused reprecipitation. 
One is, however, at a loss to correlate this high stability with the phenomenon of 
hydrolytic decomposition exhibited by the complexion. The apparent anomaly can, 
however, be resolved on a closer appreciation of the role of the two equilibrium 
processes, viz., the ordinary dissociation reaction corresponding to equation (1) and 
the hydrolytic process governed by 


2 ([Th(C2O4) 4]*~ & [The(C2O4)5]?- + 3 [C2047] eee (7) 


existing simultaneously in a solution of Kg(Th(C2O,4)4]. 


Generally, the hydrolysis of a complex ion decreases with decreasing 
electropositive character of the central atom forming the complex. Hence, 
in case of the very weakly electropositive Th, the phenomenon of hydrolysis 
is not expected to be a dominant factor. The above criterion is applicable 
only to reversible systems, where all the products of reaction remain in 
solution. In case of the tetraoxalate, however, one of the products of hydrolysis 
is the insoluble K,[Tho(C2O,4);] which is consequently removed from 
the reaction sphere, giving rise to an irreversible phenomenon. Only when 
this phenomenon has proceeded to such an extent that the free (CoO, ?~) 
generated stabilises the complex ion, an equilibrium is set up restricting the process 
to a case of partial hydrolysis. The behaviour of the complex ion is then very much 
dependent on the experimental conditions. Thus, if the amount of free oxalate in 
solution is small hydrolysis will be the dominant factor which will totally eclipse the 
high stability of the complex, but once the conditions are such that the hydrolysis 
is suppressed, the high stability of the complex is at once manifested. 


The authors’ thanks are due to Prof. P. B. Sarkar, Dr. és. Sc., Head of the 
Department of Chemistry, for his kind interest and very helpful criticism. 


DEPARTMENT OF CHEMISTRY, Received September 12, 1953. 
University COLLEGE OF SCIENCE, 
CALCUTTA. 
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ETHANOLYSIS OF VEGETABLE OILS USING SODIUM HYDROXIDE AS 
A CATALYST. PART I. EFFECT OF ETHANOL AND CATALYST 
CONCENTRATION AND SOAP FORMATION 


By Diprrt Katyan Caowpuury anp B. K. Muxuersi 


The optimum concentrations of ethanol and caustic soda for ethanolysis of some typical vegetable oils 
using the latter as the catalyst have been studied at 50°. The optimum concentration of ethanol has been 
found to be 2 equiv./equiv. oil. Whenthe reactions are carried out 30° with two equivalents of ethanol, 
the optimum range of catalyst concentration has been found to be 0.5% for cocoanut, castor, mohua and 
sesame oils and 0.75% for linseed, tung and mustard oils. Allyl isothiocyanate has been found to inhibit 
ethanolysis. 


The rate of soap formation is rapid during the first 15 to 30 minutes of the reaction and under a given 
set of conditions it is faster with the oil that is ethanolysed rapidly. The percentage of catalyst consumed 
by a particular oil is fairly independent of the original catalyst concentration. 


The alcoholysis of polyesters isa subject of interesting study. The reaction 
between the glycerides and a monohydric alcohol can be catalysed by acid or alkali. 
Available literature reveals that the factors affecting the rate of such alcoholysis, 
when catalysed by an alkali like sodium hydroxide, are: (¢) concentration of alcohol, 
(22) concentration of catalyst, (727) temperature, (zy) moisture and (v) time of reaction. 
Further, the reaction proceeds simultaneously with the soap formation which alters 
the catalyst concentration during the reaction. 

Toyama and Tsuchiya ( /. Soc. Chem. Ind. Japan, 1933, 36, 230B, suppl. Bind.) 
made a general observation that such alcoholysis proceeded more rapidly with increase 
in the amount of alcohol and of concentration of caustic soda solution. Feuge and 
Gros (/. Am. Oil Chem. Soc., 1949, 26, 97) determined the optimum temperature for 
alcoholysis of peanut oil and the rate of reaction with respect to soap formation and 
how this was affected by temperature, and suggested a correlation between the rate of 
alcoholysis and destruction of the catalyst by soap formation. Bradshaw (Soap © 
Paint Chem., 1942, 18, 23, 69) and Wright et al. (Ord & Soap, 1944, 21, 145) also studied 
the time factor of the reaction with certain glycerides but did not proceed to comple- 
tion of the reaction. 

No quantitative data on the factors affecting the reaction are available except 
in the case of peanut oil. It is quite probable that the optimum conditions noted in 
the case of peanut oil may not be applicable with every oil and will vary with the 
glyceride constitution of the oil or fat. 

The present investigation was carried out with cocoanut, linseed, tung, sesame, 
mohua, castor and mustard oils. Cocoanut oil possesses preponderating amounts of 
the lower saturated fatty acids, high saponification value and low iodine value; 
linseed oil is a typical example of drying oils; tung oil contains elaeostearic acid and 
so-conjugated double bonds:; sesame oil has a comparatively high iodine value and 
is a semi-drying oil; mohua oil is characterised by the presence of comparatively 
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high amount of non-saponifiable and saturated (mainly C;, and C;,) acids; mustard 
oil possesses solid unsaturated acid and allyl zsothiocyanate ; castor oil possesses the 
characteristic solubility in alcohol and a hydroxy-acid. It was considered that 
studies of these different oils, representing a wide cross-section of the common 
available oils, would throw some light on the course of ethanolysis reaction. The 
work has been planned according to Feuge and Gros (ede infra) but the aim is 
to study the behaviour of the constituent fatty acids and to attempt an interpretation 
of the results of the reaction in the light of fatty acid composition of the glycerides. 


The present communication deals with the effect (¢) of ethanol and sodium 
hydroxide concentration on the progress of ethanolysis and (zz) of the destruction of 
catalyst with soap formation. Future communications will deal with the effect of 
moisture and temperature on the reaction and the results of analyses of the ester 
fractions separated at different stages of the reaction. 


ExPERIMENTAL 


Each of the oils used in this investigation was freed from free fatty acids by 
treatment withdilute NaOH solution, followed by separation ofthe soap formed, 
washing with water and drying; the physico-chemical constants of the oils and 
their non-saponifiable contents were then determined following the usual procedure. 
The iodine values of the oils under investigation were determined by Wij's method 
except in the case of tung oil where Tom’s method (Aza/lys/, 1928, 53, 69) was 
employed. The hydroxyl values of the oils and those of the corresponding com- 
ponent fatty acids were determined by the method of West, Hoagland and Curtis 
( J. Biol. Chem. 1934, 104, 627). The percentage of diglycerides in an oil was cal- 
culated according to the method described by Feuge and Gros (Joc. ct¢.). The 
results are shown in Table I. Dry ethanol obtained according tothe method of 
Manske (7. Amer. Chem. Soc., 1931, 53, 1104) was used in all the experiments. 


In order to study the effect of ethanol and sodium hydroxide concentration on 
the reaction, a series of experiments was arranged with 1,2and 3 equivalents of 
ethanol containing varying amounts (0.25 to 0.15%) of NaOH in sulution. The des- 
truction of the catalyst due to soap formation was studied in reactions carried out 
with 2 equivalents of ethanol per equivalent of oil and 0.5% sodium hydroxide on the 
weight of oil. The reactions were conducted at 50° in anatmosphere of dry 
nitrogen. 


The reactions were allowed to proceed for different periods at the end of which 
dilute acetic acid was run into the flask to arrest further reaction. This was then 
washed several times with dilute NaCl solution. The wash water was then extracted 
with chloroform. The glycerol in the aqueous extract was estimated by the method 
of Pohle ef al. (J. Am. O1l Chem. Soc., 1949, 26, 376) and this gave a fair idea about 
the progress of ethanolysis. 
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The chloroform layer from the above was washed with distilled water and then 
mixed with the previously washed fatty portion, CHCls removed, dissolved in dry 
ether and dried over NazSO4. It was then filtered into a tared flask (A), the residue 
and the container were washed several times with dry ether and the washings collected 
in the same flask (A); the ether was then removed by distillation on a water-bath 
and the weight of the residual fatty substance was taken. The amount of free fatty 
acids in it was determined in the usual way. As the fatty acid was liberated from 
the soap formed during the reaction, its estimation would give the amount of sodium 
hydroxide utilised in soap formation. 


The results of the set of experiments on glycerol’estimation (cf. Pohle e¢ al., doc. 
cit.) are shown in Table IIa. In Fig. 1 is represented graphically the rate of glycerol 
liberation when two equivalents of ethanol per equivalent of the oil and 0.25% of 
NaOH on the weight of the oil were used. 

The results of NaOH consumption by soap formation, as determined by the 
fatty acid estimation, are shown in Table IIp. The rate of destruction of the catalyst 
when 0.5% of it was used and the rate of liberation of glycerol under identical condi- 
tions are graphically represented in Figs. 2 and 3 respectively. 


TABLE I 
Physico-chemical constants of the orls. 


Oil. Mean N.S. LV. Mean M. W. Glyccrol ob- Ethanol.+ 
M, W. Hydroxyl value of  cftriglycer- tainable*. 
of F. A. oils. F, A, ride, 


Cocoanut 200.1 0.37% 6.1 3.1 638.3 14.49 g. 
Linseed 278.3 1,1 181.7 2.7 eee 872.9 10,52 


Tung 279.8 0.67 200.1 2.9 eee 877.3 10.54 


Sesame 279.3 1.2 107.2 3.5 oe 875.8 10.52 


Mohua 276.2 2.7 57.0 3.3 ove 866.6 10.46 
Mustard 305.3 1.48 101.1 2.1 ove 954.0 9.58 


Castor 295.4 0.76 82.3 159.9 164.2 924.2 9.93 


F. A.=Fatty acid. N.S.=Non-saponifiables. 
* From 100 g. of oil. 
+ Equivalent to 100 g. of oil. 

The sample of mustard oil was completely freed of its sulphur content by 
repeated extraction with alcohol (Pal and Mukherjee, /nd. Soap /, 1948, 13, 291). 
The physico-chemical constants of the sulphur-free oil remained practically the same. 
The only appreciable change was in the non-saponifiable content which fell from 





ETHANOLYSIS OF VEGETABLE OILS USING SODIUM HYDROXIDE AS CATALYS 


M 
2 
> 
“~ 
ie) 
» 
v 
7) 
~ 
~ 
@ 
rd 








S° time in Mins, —» |5° 


1.48% in the original oil to 0.449, in the treated oil. Ethanolysis was carried out with 
(2) refined mustard oil and (iz) mustard oil freed from allyl csothiocyanate. 
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TABLE Ila 


Effect of ethanol and NaOH on ethanolysis of otls at 50°. 
Alcohol to oil ratio-expressed as equiv. alcohol/equiv. oil. 
%NaO8H calc. on oil basis. 


%Glycerol yield expressed as % maximum amount obtainable. 


Reaction Cocoanut Linseed Tung Sesame Mohua Mustard Mustard Castor 


time. 
15 min. 
30 

60 
150 


15 
30 
60 
150 


15 


150 


15 


150 


All the reactions were chracterised by the mixture becoming perfectly homo- 
genous and transparent within a few seconds after the addition of EXOH-NaOH 
solution to the oil due evidently to the reaction commencing almost immediately by 
formation of ethyl esters and sodium soap of -the fatty acids and the high solubility 
of the ethyl esters in ethanol and the presence of soap. Menschutkin (Annalen 


oil. 
35.5 
37.0 
38.2 
40.9 


52.6 
54.8 
56.2 
58.0 


78.6 
84.1 
85.0 
88.2 


oil. oil. oil. oil. oil (A). oil (B). oil. 
14.8 12.0 21.5 26.3 wala 10.5 32.8 Alcohol to oil 
18.9 16.6 oe ese ~n 13.9 on ratio=1;1, 
22.5 20.1 24.3 28.37 one 18.4 35.1 NaOH=0.25 % 
24.7 21.9 28.5 31.9 one 20.5 37.3 
32.8 ove 40.9 43.6 oct eee 49.0 Alcohol to oil 
36.4 32.3 ose ose pes 29.2 ee ratio=1: 1 
41.8 37.8 46.3 50.4 ove 34.6 54.0 NaOH 0.50 % 
44.5 42.7 50.8 53.5 ove 38.2 55.3 
80.5 77.4 90.4 91.3 one 72.4 92.7 Alcohol to oil 
86.4 84.1 92.1 93.6 wee 80.5 94.5 ratio=2: 1. 
89,7 87.3 93.9 94.8 eee 82.3 95.2 NaOH - 0.75 % 
91.8 90.0 94.5 95.1 wie 86.4 96.2 
53.1 49.9 63.9 72.4 33.9 47.2 75.0 Alcohol to oil 
59.4 55.4 67.0 77.1 36.7 52.6 80.0 ratio=3: 1, 
64.3 61.9 75.8 81.6 42.0 60.3 82.8 NaOH = 0.25 % 
69.0 66.3 81.9 84.1 47.2 64.3 86.4 


Precvsat.onx 





1879, 195, 334; 197, 193) found that the branched chain acids were more 
difficultly esterified with a given alcohol than the normal acids and ascribed it to 
the structure of the acid having some bearing on esterification, 
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With theoretical amount of ethanol the reaction does not proceed to an appre- 
ciable extent. By increasing the concentration of ethanol from one to two equivalents 
for each equivalent of oil, the glycerol yield"(and hence the ethanolysis) is increased 
to a great extent. While a pronounced effect is produced by increasing the alcohol 
concentration from one to two equivalents, a further increase in alcohol concentra- 
tion (2-3 equiv.) does not produce any appreciable effect. Hence, the optimum 
ratio for ethanol to oil in the ethanolysis under investigation is 2: 1. 

The reaction rate is found to be influenced by concentration of sodium hydro- 
xide used, #.¢., by increasing the amount of sodium hydroxide ina reaction mixture 
with a certain ethanol to oil ratio, the reaction may be made to proceed more rapidly. 
It is found that when the concentration of sodium hydroxide is more than 0.75%, the 
reaction proceeds so rapidly that a comparative study of the rate of ethanolysis 
becomes difficult. This is perhaps the reason why Kurz (Fet. Seifen, 1937, 44, 144) 
failed to notice any appreciable difference in the rates of ethanolysis of different oils. 
It is considered that suitable concentrations of alcohol and sodium hydroxide to be 
employed for making a comparative study of the reaction should be two equivalents 
of alcohol for one equivalent of oil and 0.25% of sodium hydroxide (on wt. of oil). 


Cocoanut and castor oils are ethanolysed more ‘rapidly than the rest of the oils 
treated. The former has got the minimum molecular weight and iodine value and 
the latter has got the maximum hydroxyl value. Haller (Comt. rend., 1906, 143, 657), 
working on acid catalyst, also observed the same phenomenon and explained 
the behaviour of cocoanut oil as due to the presence in it of low mol. wt. fatty acids 
and that of castor oil because of its solubility in alcohol. The explanation in the 
latter case is not probably correct as pointed out earlier and that offered for the 
former can be refuted on the strength of observations made here with sesame, mohua, 
linseed and tung oils. These oils possess nearly the same mol. wt. but amongst these 
those having lower iodine values react more rapidly than those possessing higher 
iodine values, z.¢., the rate of ethanolysis, other conditions remaining same, is inver- 
sely proportional to the iodine value of the oil. Table II a also shows that the rate 
of elimination of glycerol in all cases slows down remarkably after the lapse of a 
certain period, prior to which the rate is comparatively rapid. This period corres- 
ponds to 15 to 30 minutes from the start. 


Regarding mustard oil it is found that the natural oil (A) gives a lower glycerol 
yield than mustard oil free from allyl zsothiocyanate (B). The inhibiting effect of sul- 
phur compound presents an interesting case in as much as that this behaviour of 
sulphur compound cannot be easily explained. Mustard oil (free from sulphur com- 
pound) and castor oil possess nearly the same molecular weight and iodine value but 
castor oil reacts more easily and rapidly than mustard oil, which suggests that the 
hydroxy-acid constituent of castor oil is responsible for making it more reactive. 

It can also be observed from Table II a that the difference in the rate of reac- 
tion between different oils diminishes markedly when the catalyst concentration is 
increased from 0.25% to 0.75%. Only meagre information is available in literature 
about the comparative study of the rate of alkali-catalysed ‘ethanolysis of different 
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oils. Kurz (/oc. cit.) made a comparative study of the rates of ethanolysis and 
methanolysis of olive, sesame and linseed oils and stand oils of linseed and tung oils 
at 20° but could not find any appreciable difference in their rates of reaction. 
It is to be noted that he used ethereal solution of oils and the amount of caustic 
potash he employed was in excess of the catalytic amount. 


Data in Table II 8 indicate that the rate of destruction of sodium hydroxide due 
to soap formation proceeds fairly rapidly up toa certain period and then gradually 
falls down. It is observed from Fig.3 that the rate of separation of glycerol also 
follows a similar course. Hence, it can be stated that during the first 15-30 minutes 
ethanolysis and soap formation proceed rapidly but subsequently due to the decrease 
in NaOH concentration, caused by soap formation, the reaction slows down. The 
rates of ethanolysis and soap formation become comparatively slow after the lapse 
of first 30 minutes in the case of those oils which react comparatively rapidly during 
the first 30 minutes. Hence it is considered that presence of free sodium hydroxide 
is essential in such ethanolysis. 


Oils like cocoanut and castor which are ethanolysed rather rapidly also lead 
to the formation of a greater proportion of soap. In these cases major portion of 
the catalyst is consumed during the first 15 minutes of the reaction and after that the 
reaction proceeds rather slowly. On the other hand, linseed, tung and mustard oils, 
which are ethanolysed less rapidly, lead to formation of smaller amounts of soap 
during the first part of the reaction, and hence, the amount of free alkali remains 
fairly high during the later part and so the reaction in these cases proceeds with 
comparative steadiness (vide Figs. 2 and 3). 


Another important conclusion fromthe data collected is that under similar 
conditions of temperature and ethanol concentration, the percentage of catalyst con- 
sumed by a particular oil remains fairly independent of the original catalyst concen- 
tration. 


AppLiep CaemistrY DEPARTMENT, Received July 8, 1953. 
Unrversity CoLLece or Scrence & 
TECHNOLOGY,CALCUTTA. 
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ETHANOLYSIS OF VEGETABLE OILS USING SODIUM HYDROXIDE AS 
A CATALYST. PART II. EFFECT OF TEMPERATURE AND MOISTURE 


By Diet1 Katyan CHOWpHURY AND B. K. MuxuHersi 

The effects of temperature and moisture on ethanolysis and soap formation during ethanolysis of 
cocoanut, linseed, tung. mohua. sesame, mustard and castor oils using NaOH as a catalyst have been studied. 
It has been observed by carrying out the reaction at 30°, 50° and 70° using 2:lalcohol to oil ratio and 
0.25% NaOH on the weight of the oil that (a) the optimum temperature for ethanolysis is in the region 
of 30° for cocoanut and castor oils, 50° for mohua and sesame oils and 70° for linseed, tung and mustard 
oils; (6) the amount of NaOH removed by soap formation increases with temperature and is also influen- 
ced by the nature of the oils; (c) moisture inhibits the reaction and promotes soap formation. Its effect is 
most pronounced at 50°. 

In continuation of Part I of this series of papers (this zsswe,p. 116), the effect of 
temperature and the amount of moisture present in the reactants on the rates of 
ethanolysis of vegetable oils has been studied. Toyama ef al. (vide Part I) working 
with olive oil found the optimum temperature at 60°, and acceleration of soap forma- 
tion when water was present in the alcohol used. Feuge and Gros (vide Part I) found 
that the rate of reaction with peanut oil was optimum at 50° and the soap formed 
increased with temperature. Wright (vide Part I) while working with cocoanut oi! and 
cottonseed oil found that moisture inhibited the reaction. Iguchi (Rep. Japan Assoc. 
Ado. Sct., 1942, 16, 391) found that the effect of excess of moisture could be offset by 
the use of sodium hydroxide in excess of the catalytic amount and/or excess of alcohol. 


ExPERIMENTAL 


A series of experiments has been performed at different temperatures using 
different oils as in Part I and the results are shown in Table I. The amount of soap 
formed has also been determined by the A.O.C.S. Official Tentative method (ca.5-40) 
and reported in Table II. The effect of moisture on the reaction was determined by 
the addition of measured amounts of water to the ErCOH-NaOH solution at the start 
of the reaction and the results obtained are shown in Table III. 


DiIscussION 


Effect of Temperature on Ethanolysis—From Table [ it is found that the opti- 
mum temperature for ethanolysis of cocoanut and castor oils lies near about 30°, that 
for sesame and mohua oils is in the neighbourhood of 50°, and for linseed, tung and 
mustard oils, it is about 70°. With cocoanut and castor oils it is seen that at 30° the 
reaction proceeds rather slowly for the first 30 minutes compared to the reaction 
conducted at 50°. After this period the reaction at 50° becomes more sluggish than 
that at 30°. At 70° the reaction proceeds very rapidly within the first 30 minutes, 
after which the reaction becomes very slow and practically comes toa _ standstill 
after 150 minutes. Thus although the reaction is augmented at higher temperature, 
it slows down with time. The glycerol yield at 30° in the case of sesame and mohua 
oils did not exceed that at 50°. Again, the glycerol yicld at 70° was not found to be 
greater than that at 50° and it was less than the yield at 30°. After 150 minutes the 
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tate of glycerol liberation was the slowest at 70°. With linseed, tung and mustard 
oils the glycerol yield was found to increase with temperature between 30° and 70°. 


Effect of Temperature on Soap formation.—The glycerol liberated by soap forma- 
tion is very small in comparison with that resulting from alcoholysis ; so the low con- 
centration of glycerol in the reaction product, as recorded in certain cases, must be due 
to the retardation of alcoholysis caused by the removal of free NaOH from the re- 
action phase as a result of soap formation. 


The rate of destruction of the catalyst due to soap formation has been found to 
be augumented by rise of temperature. In the cases of cocoanut and castor oils the 
overall amount of glycerol liberated (due to alcoholysis and soap formation) decreases 
with the increase of soap formation. With sesame and mohua oils the catalyst 
destruction at 30° is less than that at 50°. On the other hand, although catalyst des- 
truction is highest at 70°, the glycerol yield at this temperature is less than that 
at 50°, 


The yield of glycerol increases markedly with rise in temperature in cases of 
linseed, tung and mustard oils although the amount of catalyst destroyed by soap for- 
mation is found to increase in these cases with rise in temperature. 


It is undoubtedly established from the data obtained that alcoholysis and soap 
formation respond differently to temperature changes, soap formation always increa- 
sing with temperature. This would also explain the existence of an optimum tem- 
perature for glycerol liberation resulting from alcoholysis. 


Effect of Moisture on the Ethanolysis of Otls—Data in Table III indicate 
clearly that moisture affects ethanolysis and its effect is different on different oils. 
It will be seen that the worst affected are cocoanut and castor oils, while the least 
affected are linseed, tung and mustard oils. Itis interesting to note that in the 
absence of moisture, cocoanut and castor oils are the most reactive ones, while 
linseed, tung and mustard oils are less reactive. 


It is simultaneously observed that the amount of catalyst destroyed under the 
conditions of reaction specified above, is highest with cocoanut and castor oils, is 
somewhat less in cases of sesame and mohua oils and is least in linseed, tung and 
mustard oils. Hence, the obvious explanation is that the observed differential effects 
of moisture on ethanolysis of different oils are due to the proportional quantity of 
NaOH left free to act as the catalyst. 


There is therefore every probability that while using commercial variety of 
absolute ethanol, which may contain even a small amount of water, the rate of 
reaction is so greatly influenced that no noticeable difference is observed in rates 
of ethanolysis with different oils. This has eluded the notice of many previous 
workers. 

The findings of Toyama e¢ a/. and Wright e# a/. (Joc. cit.) have been generally cor- 
roborated in the present investigation in so farasthe presence of water in the re- 
action mixture causing increase in the soap formation, destruction of the catalyst and 
retardation of ethanolysis (Table III) are involved. 
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ETHANOLYSIS OF VEGETABLE OILS USING SODIUM HYDROXIDE AS 
A CATALYST. PART III. COMPOSITION OF THE REACTION 
PRODUCTS OBTAINED AT DIFFERENT STAGES 


By Diertr Katyan Cuowpnury anp B. K. MuKHERJ! 


Examination of the products of reaction at different stages of ethanolysis, carried out at 50° with 
two equivalents of ethanol per equivalent of‘oil and 0.25% of sodium hydroxide (on the weight of oil), 
shows that ethanolysis is a stepwise reaction producing mono- and di-glycerides as intermediate products 
along with glycerol and ethyl ester. Oils, having preponderating amounts of simple triglycerides, e.g., 
castor and tung oils, yield comparatively high quantities of diglycerides in the intermediate stages of the 
reaction. 
Partial ethanolysis of an oil would yield mono- and di-glycerides, glycerol and 
ethyl esters. Toyama and Tsuchiya (/. Soc. Chem. Jnd., 1933, 36, 232B, suppl. Bind.) 
first observed that the products of reaction, when olive oil was ethanolysed or metha- 
nolysed, gave a high acetyl value which at first reached a maximum and then decrea- 
sed. The intermediate formation of mono- and di-glycerides was thus indicated. 
This finding was confirmed by Kurz (Fet. Sezfen, 1937, 44,144) and by Ka and 
Kawakami (J. Agric. Chem. Soc. Japan, 1942, 18, 257). But the only quantitative data 
available on this aspect are those on peanut oil reported by Feuge and Gros (/. Am. 
Oil Chem. Soc. 1949, 26,97). The present work was therefore taken up to obtain 
data on the trend of the reaction with individual oils mentioned in PartI (this 
issue, p. 116). 
ExPERIMENTAL 
The experimental procedure followed for the determination of glycerol, mono- 
glycerides and diglycerides was similar to that adopted by Feuge and Gros (/oc. «t¢.). 
In the case of castor oil, however, calculations were made as follows by taking into 
account the hydroxyl value and mean molecular weight of the component fatty acids: 


H; x W-Ha {W, ~ (oo - -HXw 
Amount of diglycerides= ——-——-—— EL 
where H, =hydroxy! value of the fatty product; W=toal weight of the fatty product 
in g.; Ha=hydroxyl value of the component fatty acids of the original oil; W)~g. of 
fatty acids present in 100 g. of oil; Z —g. of NaOH consumed in soap formation ; 
Ma=mean M. W. of the component fatty acids of the oil ; Hg=hydroxyl value due 
to glycerol hydroxyl group of the monoglyceride (=2 x 56104/M.W. of monoglyceride) ; 
w=g. of monoglyceride present in W g. of the fatty product; H3;—hydroxyl value 
due to glycerol hydroxyl group of diglyceride (=56104/M.W. of diglyceride). 
Percentage of alcoholysis attained in each case was calculated from:the amounts 
of mono-,di- and tri-glycerides and glycerol found present in the reaction’ mixture. It 
was possible to calculate the amounts of ethyl esters and free ethanol in the reaction ! 
product when the % alcoholysis achieved and the mean molecular weight of the 
component fatty acids of the oils were known.The results are presentedin Table I. 


























D. K. CHOWDHURY AND B. K, MUKHERJI 


TABLE I 
Composition of products obtained by ethanolysis of oils at 50°. 
The ethanol to oil ratio at the start of the reaction corresponds to 2 equiv. 
ethanol per equiv. oil. NaOH catalyst employed is 0.25 g./100 g. oil. 





* Expressed as percent of maximum amount obtainable. 


t Expressed as percent of theoretical, 





Time. Glycerides Ethyl ester Glycerol. Ethanol Free glycerol. %Alcoho- 
Mono. Di. Tri. (calc.). calc.). lysis. 15 
th 
: A. Cocoanut oil. 
Omin.  0.00¢. 25 ¢. 97.10 g. 0.00 g. 0.00 g. 43.00 g. 0.0% 0.0 
5 7.58 907 9.96 80. 8.67 26.72 59.8 73.3 
10 6.43 8 20 5.83 86.88 9.83 25.48 678 81.5 cc 
15 5.86 7.03 4.17 £0.29 10.50 24.80 72.4 84.7 T 
30 489 488 3.54 93.91 11.35 24 06 78,3 88.1 
60 5.80 131 3.31 97.00 11.80 23.44 81.4 910 Oi 
150 4.38 0.94 3.27 98.49 12.35 23.14 85.2 92.4 + 
B. Linseed oil. 
0 0.00 2: 96.0 0.00 0.00 31.30 0.0 0.00 tr 
5 5.37 13.77 40.51 43.51 2.79 24.71 26.5 41.9 a 
10 5.06 11.73 36.13 50.25 363 23.70 345 48.4 
15 3.99 10.42 3051 59 39 4.80 22.33 45.7 57.2 a 
30 3.33 6 66 30.24 63.00 5.47 21.78 52.0 60.7 ) 
60 3.05 362 29.16 67.30 6.11 21.14 58.1 64.8 t 
150 2.25 114 28.59 71.24 6.78 20.50 64.4 68.6 
C, Tung oil. 
0 0.00 3.2 96.1 0.00 0.00 31.20 0.0 0.0 
5 3.55 18.48 42.02 39.45 2.45 25.30 23.3 37.8 
10 3.44 16.63 35 85 47.90 3.41 24.04 32.4 45.9 
15 2.87 14.52 30.40 56 00 4.44 22.23 42.1 53.7 I 
30 2.73 10.16 29.8) 61.15 5.19 22 06 49.3 58.8 I 
60 2.61 6.43 29.34 65.33 5.83 21.43 553 626 
150 2.43 3.05 28.63 6.46 20.95 613 65.7 ( 
D. Sesame oil. 
0 0.00 3.7 95.1 0.00 0.00 31.10 0.0 0.0 
5 1171 12.23 13.20 68.03 4.2 20.91 404 65.6 
10 13.51 7.95 7.15 76.96 506 19.58 48.1 74.1 
5 11.86 6 44 5.29 81.85 5.91 18.84 56.2 78.8 
30 10.62 * 5.20 4.22 84.67 6.48 18.42 616 81.5 
60 9.40 1.46 404 90.36 7.43 17.60 706 86.8 
150 7.37 0.48 3.69 93.28 | 8.14 17.14 77,4 89.8 
E. Mohua oil. 
0 0.00 ; 35 98.1 0.00 0.00 30 90 0.0 0.0 
5 8.55 14.32 11.33 69.05 4.85 20.50 46.3 67.5 
10 10.76 6.87 6.26 79.80 5.93 18.87 56.7 78.0 
15 9.43 + 529 4.33 84.41 6.72 18.18 64.2 82.5 
30 9.15 3.98 3.10 89.82 7.38 17.36 70.6 87.8 
60 8.78 0.56 2.67 93.30 7.98 16.83 76.3 91.2 
150 7.54 0.20 2.49 94.33 8.38 16.59 80.1 92.6 
F. Mustard oil (sulphur free). 
0 0.00 2.48 97.00 0.00 0.00 28.70 0.0 0.0 
5 4.19 11.85 50.44 37.06 2.22 23.58 23.0 35.6 
10 387 9.17 46.06 44.45 3.08 22.56 31.9 42.7 
15 3.97 7.47 4°59 51.53 3.80 21.59 39.3 49.5 
30 4.24 4.61 38.00 56.97 4.39 20.84 45.4 54.7 
60 3.80 183 35.47 63.20 5.17 19.98 53.5 0.7 
.150 2.66 0.49 34.06 66.12 5.66 19.57 58.5 63.5 
Castor oil 
0 .0.00 2.80 « 96.44 0.00 0.00 29.60 0.0 0.0 
5 3.71 16.40 12.54 69 60 5.26 19.70 53.0 66.9 
10 3.89 ' * 13.53 7.83 78.00 6.15 18.50 62.0 75.0 
15 3.42: 10.85 6.63 80 35 6.80 18.00 68.5 78.3 
30 3.41 7.45 5.57 87.30 7.41 17.18 746 83.9 
60 2,97 5.66 5.04 90,20 7.85 16.77 79.1 86.7 
150 2.61 4.15 4.15 92.92 8.23 16.38 82.8 89,3 
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DiscCuSSION 


The hydroxyl value of the reaction product reaches a maximum within the first 
15 minutes of the reaction and then diminishes gradually. This would corroborate 
the observations by Toyama e/ a/., Kurz, and Feuge and Gros (vide Part I, Joc. c#t.). 


It is interesting to note that the reaction products from tung oil and castor oil 
contain, compared to the rest of the oils, rather larger proportions of diglycerides. 
This can be explained on the basis of the theory of even distribution in vegetable 
oils as both castor and tung oils contain preponderating amounts of simple trigly- 
cerides and those fatty acids, smaller amounts of which occur only once amongst the 
triglyceride molecule, are first knocked out and account for the presence of digly- 
cerides in the product. It may therefore be suggested that the “mixed” or “simple” 
nature of a glyceride has som2 influence on the course of ethanolysis at least during 
the first half an hour of the reaction period. 


DEPARTMENT OF APPLIED CHEMISTRY, 
University CoLitece or Science & TecuHno.oey, Received July 23, 1953. 
CaLCUTTA. 
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STUDIES ON THE CONDUCTIVITY OF As,S; SOL DURING SLOW 
COAGULATION BY ELECTROLYTES. PART I 


By D. N. Cuaturvepi aND Apan!t K. BaoatracHarRya 


The specific conductance of AsgS; sol, observed during the slow coagulation in presence of 
KCl, BaCl, and AICl, was studied in comparison with that of the aqueous dispersion medium from 
which excess of H,S had been bubbled out by passing hydrogen (the so-called intermicellar liquid), in 
the same manner as was done in preparing the AsgSz; sol. It was observed that the conductance of the 
sol+electrolyte was found to increase more during the slow coagulation than the dispersion medium con- 
taining the same amount of the electrolyte. The pn of the sol-+electrolyte was also compared under 
similar conditions. lt was observed that pu of the sol during slow coagulation was higher than the corres. 
ponding dispersion medium with BaCl, and AICI; added as precipitating electrolytes, but it was not so 
with KCl Anexplanation of the increase in conductance during slow coagulation has been offered on 
the basis of two factors: (¢) the release of counter ions by ion-exchange phenomenon and (ii) surface re- 
action. The increase in po with BaClg and AICI; suggests a sort of chemical interaction between the 
precipitated ions and the adsorbed ions of the colloidal particles. 


The changes in conductivity (specific conductance) during coagulation is a very 
complex phenomenon. Previous workers carried out some interesting investigations 
on the changes in conductivity in certain specific cases and have left very interesting 
conclusions. Smoluchowski (PAyszka/. Z., 1905, 6, 529) suggested that the conducti- 
vity of a suspension may be very much influenced by the cataphoresis of the suspen- 
ded particles. The contribution of cataphoresis of particles towards the conducti- 
vity, according to him, was given by the formula, 

— Annrr(r+8)u? 

Ns 

where Y is the number of particles per c.c., « is the cataphoretic velocity under the 
gradient of one volt centimeter, N is the Avogadro number, 7 is the viscosity, 8 is 
the thickness of double layer, 7 is the radius of the particle, A» is the conductivity. 
According to the above relation A» should increase with Y and 7, the quantities 7,3 
and z, being less variable in comparison, as pointed out by Nordenson (Kolloid Z,, 
1915, 16, 65); but from the conductivity of dispersed systems containing the same 
amount of substance in different degrees of dispersion, he observed that the conducti- 
vities were found to be inversely as the squares of the radii of the particles. Von 
Hevesey (tb2d., 1917, 21, 136) calculated for various values of ‘7’ due to gold micellae 
and showed that the conductivity due to micellae became negligibly small with in- 
crease of radius of the particle. Similar observations from the conductance of 
metallic sols were given by several workers (Whitney and Blake, 7 Amer. Chem, 
Soc., 1904, 26, 1339; Barton, Phzl. Mag., 1906, vz, 12,475; Kohlshcutter, Z. Elektrochem., 
1908, 14, 49) and they came to the conclusion that the small conductance of metal- 
lic sols arose from the residual electrolytes, the conductivity, Aw, due to the colloidal 
micellae being negligible. Malfitano (Compé. rend, 1904, 139, 1221) prepared care- 
fully purified colloidal solutions and observed likewise in the case of ferric hydroxide 
and arsenic pentasulphide sols. But Duclaux (sdz¢@., 1904, 139, 1468) observed con- 
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trary to the experience of Malfitano (oc. c#t.) that ferric hydroxide and Prussian blue 
sols showed appreciable conductance. Rabinowitch and Wassilier (Kodloid Z., 1922, 
60, 268) titrated As2Sz3 sol conductometrically with BaClg and found a discontinuity 
in the curve at a point by which they supposed that the H*ions of the double layer 
were completely displaced by the Ba**ions of the electrolyte. Pennycuick (/. Amer. 
Chem. Soc., 1930, 52, 4621; Kollotd Z., 1931, 54, 21) explained his results of the con- 
ductometric titrations of the platinum sols by the following assumptions : 

(¢) The counter ions in the double layer are replaced by the adsorbed ions due 
to which the conductivity is increased and the sol becomes less stable. 

(cz) Surface reactions of the added electrolytes may take place resulting in a 
decrease of electrical conductivity and the stabilising ions may also be released due 
to decomposition of the surface compounds. 


More recent work on the similar line was done by Pauli (Kolloid Z.. 
1937, 80, 175). 


On the basis of the foregoing background of our knowledge on the conductivity 
of sols and their coagulation, we have attempted to throw some light on the mecii- 
nism of the changes in the conductance and fu of the As2S;° sol during the process 
of slow coagulation with KCl, BaCle and AICls. 


EXPERIMENTAL 


The conductance of AsoSs sol was determined on the lines suggested by Wo. 
Ostwald (Van Bammelen Geden, Boek. 267) and more recently by Pauli (loc. ctt,). 
As2S3 sol was prepared by dropping a saturated solution of arsenious acid slowly into 
a saturated solution of HeS in which pure He2S gas was kept bubbling through. The 
excess of H2S was then removed from the sol by passing pure hydrogen till the sol 
was free from the smell of H2S. In another flask the saturated solution of H2S was 
similarly prepared and the excess of HeS was bubbled out by hydrogen by an iden- 
tical process, as was done in the case of the sol. This may be assumed to function 
as intermicellar liquid. The amount of electrolyte required to coagulate the sol in one 
hour’s time was at first determined by the visible surface separation method. The speci- 
fic conductance, z.¢. conductivity of the sol without adding the electrolyte was deter- 
mined at first and the conduttivity of the dispersing solution prepared, as mentioned 
above (so-called intermicellar liquid), was also determined. The difference between 
the values of the conductivity of the sol and that of the intermicellar liquid may be 
taken as being equal to the initial conductivity of the sol itself. The sol was now 
mixed with a known amount of the electrolyte required to coagulate it in one hour 
and its conductivity was determined at different intervals of time. The same was 
repeated by mixing the intermiceller liquid with the amount of electrolyte which was 
required to coagulate the sol in one hour. Curves were plotted with the values of 
the conductivities against time in both the cases. Similar experiments were performed 
to note the change of fu in both the cases and fu-time curves were plotted. The 
changes in conductivities and Ja were studied from the curves to derive some con- 
clusions regarding the mechanism of slow coagulation of As2Sz sol. 
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COAGULATION OF ELECTROLYTES 
DISCUSSION 


The interesting observations on the changes in conductivity and fx of the As Ss 
sol with respect to the intermicellar liquid, after the addition of the electrolytes, 
during the slow coagulation may be summarised as follows. 

(2) The conductivity of the sol+the coagulating electrolyte is in all cases 
greater than that of the intermicellar liquid containing the same amount of electrolyte 
(curves 1 and 2a and 28). 

(#2) On adding the electrolyte the conductivity instantaneously shoots up to 
the maximum, both in the cases of sol and the intermiceller liquid. Yet, there is an 


Fic. 3 
(Curves 3a, 4, c). 
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appreciable difference in the conductivities of the coagulating sol and the intermicel- 
lar liquid+electrolyte. This difference in the conductivity of the two systems is 
obviously connected with the mechanism of coagulation. 
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(iit) It will be further observed that the conductance after the first jump 
remains almost the same except in the case of AICls in which case there is a tendency 
of fall for certain interval of time 

(tv) The x of the sol with KCI is in all stages of coagulation lower than 
that of the 4x values of the intermicellar liquid, mixed with the same amovnt of 
KCI (vide curve 3 a). But the gx values with BaClo and AICI; mixed with the sol 
remain greater than the values of Ju for the intermicellar liquid+BaCly and AICI, 
respectively (vide curves 3 4 and 3 c). 


The enhanced conductivity of the sol+electrolyte compared to the correspon- 
ding intermicellar liquid lends strong support to the important role of ion-exchange 
phenomenon in the mechanism of coagulation. On adding the electrolyte to the sol, 
the maximum change in conductance has been found to take place almost immediately 
(vide curves 1, 22, 24); From this observation it follows further that ion-exchange 
phenomenon like adsorption is an instantaneous process. 

In the case of KCl and BaClg there is hardly any change in conductance after 
the maximum has been attained, while in the case of AlCls it appears that there is 
some surface reaction which is responsible for the slight lowering of the conductance 
instead of a jump as in the cases of KCl and BaCly. It is a well known fact that 
AICI; is sufficiently hydrolysable, and hence, its Htion concentration is greater than 
those of KCI and BaClg solutions. Al ** ions will be more powerfully adsorbed in the 
double layer and may, in all probability, neutralise the surface charge too quickly 
with the result that some Al-sulphide or Al-hydroxide may be formed by surface 
reaction. The possibility of the formation of the above compounds suggests that the 
H* ions in the system would decrease, thereby lowering the conductance and increa- 
sing the Ju of the system. This has actually been observed. 

The changes in 4x seem to be a phenomenon more influenced by surface reac- 
tions than by the ion-exchange. Thus, it is observed that in the case of KCl, added to 
the sol, the 4x of the system remains lower than that of the corresponding intermicellar 
liquid, which seems to be due to the release of the H* ions from the double layer. 
But in the cases of BaCle and AICI; the effect is reversed, which seems to be due 
to surface reactions, resulting in the formation of BaSor AlgS; or their hydroxides. 
Such compounds would obviously react with the H* ions, and hence, the /u values 
would increase, as observed in curve Nos. 34 and 3c. 

The conductivity studies of AsgSs, however, do not show any relationship 
b-eween the growing size of the particles and the corresponding conductance of the 
system as should be expected from the formula given by Smoluchowski (doc. ctz.). 

Further work on the bebaviour of the sols during coagulation and its mechanism 
is in progress in these laboratories. 


CHEMICAL LABORATORIES, Received June 26, 1953. 
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FRIES TRANSFORMATION AND FRIEDEL-CRAFTS REACTION. PART I. 
FRIES AND FRIEDEL-CRAFTS REACTION WITH SOME MONO- 


AND DIHYDROXYCOUMARINS 


By R. J. Partxn anp V. M. THAKOR 


Friedel-Crafts acetylation has been successfully carried out on several mono- and dihydroxycoumarins. 


Fries rearrangement of esters of hydroxycoumarin derivatives has been investi- 
gated by several workers (Limaye ef a/., Ber., 1932, 65, 375; 1934, 67,12; Rasayanam, 
1936, 20, et seq ; Shah and Shah, 7. Chem. Soc., 1938, 228, 1424, et-seq ; Thakor and 
Shah, this Journal, 1946, 23,199, 235). Limaye (doc. ctt.) obtained 7-hydroxy-4- 
methyl-8-benzoylcoumarin on Friedel-Crafts benzoylation of 7-hydroxy-4-methyl- 
coumarin. Desai and Hamid (Proc. Ind. Acad. Sct, 1937,6A, 257), however, failed to 
introduce an acetyl group in 7-hydroxy-4-methylcoumarin as well as in its methoxy 
and acetyl derivatives by the Friedel-Crafts method using acetyl chloride in presence 
of aluminium chloride. 


The acylhydroxycoumarins being important starting materials for the prepa- 


ration of 2-acylresorcinols, coumarino- <- and -Y-pyrones, furanocoumarins etc., it was 
thought of interest to investigate the applicability of the Friedel-Crafts reaction to 
hydroxycoumarin derivatives. In the present work the action of acetyl and benzoyl 
chloride has been investigated on 7-hydroxy-4- methyl-, 5-hydroxy-4-methyl-, 5-hydroxy- 
4:7-dimethyl- and 5:7-dihydroxy-4-methylcoumarins in presence of aluminium chloride. 
The results are shown in Table I. 


TABLE I 


Coumarin. Acylating agent. Coumarin obtained. 


7-Hydroxy-4-methyl- Acetic anhydride 7-Hydroxy-4-methyl-8-acetyl- 
5-Hydroxy-4-methyl- Do 5-Hydroxy-4-methyl-6-acetyl- 

Do Benzoyl chloride 5-Hydroxy-4-methyl-6-benzoyl- 
5-Hydroxy-4:7-dimethyl- Acetic anhydride 5-Hydroxy-4:7-dimethy]-6-acetyl- 
5:7-dihydroxy-4-methyl- Do 5 : 7-Dihydroxy-4-methy]l- 6:8-diacetyl- 

& 5:7-dihydroxy-4-methyl- 6-acetyl- 
Do Benzoyl! chloride 5:7-Dihydroxy-4-methyl- 6:8-dibenzoyl- 


5:7-Dihydroxy-4-methylcoumarin on Friedel-Crafts acetylation gave two products: 
5 : 7-dihydroxy-4-methyl-6:8-diacetylcoumarin (IV,, R=Me) and another monoacetyl 
compound, m.p. 292-93°. The latter product did not depress the melting point of 
the product obtained on the Pechmann condensation of phloracetophenone with ethyl 
acetoacetate by the method of Shah and Shah (Joc. czt¢.). Attempt to introduce a 
hydroxyl group by the Elbs persulphate method (Sethna, Chem. Rev., 1951, 49, 91) 
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in the dimethyl ether of this product met with failure. This indicates the presence 
of the acetyl group in the 6-, rather than the 8-position, as it is easy to introduce the 
hydroxy group in 6- but difficult in 8- position by this method (cf. Parikh and Sethna, 
this Journal, 1950, 27, 369). Hence,the product of m.p. 292-93° has been assigned 
the structure, 5:7-dihydroxy-4-methyl-6-acetylcoumarin (V). This also establishes 
the constitution of the product obtained by Shah and Shah (Joc. czt.). 


Friedel-Crafts benzoylation of 5:7-dihydroxy-4-methylcoumarin gave 5 : 7-dihy- 
droxy-4-methy]-6:8-dibenzoylcoumarin (IV, R=Ph) in poor yields. It was obtained in 
better yields on the Fries rearrangement of 5:7-dibenzoyloxy-4-methylcoumarin. 


In the case of 7:8-dilrydroxy-4-methylcoumarin, attempts to introduce an acetyl 
or benzoyl group by the Friedel-Crafts method met with failures. Similar failures 
during the Fries rearrangement of esters of 7:8-dihydroxycoumarin derivatives have 
been reported by Desai and co-workers‘(/oc. cz/.) and Shah and Shah (this Journa/, 
1942, 19, 481). 


In general, all the above hydroxycoumarins smoothly underwent Friedel-Crafts 
acylation, furnishing the same products as obtained by the Fries rearrangement, with 
fairly good yields. The benzoylation required a*.-higher temperature (ca. 170°) than 
acetylation (ca.140°). Three moles of aluminium chloride were ordinarily employed 
for mono-hydroxycoumarins (cf. Thakor and Shah, Joc. cié#), an extra mole was, 


however, used if another hydroxyl was present or when acetic anhydride was used 
(cf. Calloway, Chem. Rev. 1935, 17, 327). 


BxPRRINER UBT AS 


Friedel-Crafts Acetylation of 7-Hydroxy-4-methylcoumarin: 7-Hydroxy-4- 
methyl-8-acetylcoumarin(1).—7-Hydroxy-4-methylcoumarin (3.5 g., 1.017) and anhy- 
drous AICI; (12.0 g., 4.4 /) were powdered together and thoroughly mixed. 
Acetic anhydride (30 c. c., 1.5 1/) was added and the reaction mixture, protected from 
moisture, was heated in an oil-bath at 140°-150° for 14 hours. It was cooled and ice 
and HCI'(25 c.c.) added. The product!separating was collected, washed with water 
and crystallised from ethanol (95%) in shining needles, mp. 166-67° (2.0g.). Limaye 
(doc. ett.) gives m.p. 167-68°. Mixed melting point with the product of Fries rearrange- 
ment of 7-acetoxy-4-methylcoumarin was not depressed. 


Friedel-Crafts Acetylation of 5-Hydroxy-4-methylcoumarin: 5-Hydroxy-4-methyl- 
6-acetylcoumarin (II, R=Me)— 5-Hydroxy-4-methylcoumarin (1.76 g., 1.04) and 
powdered anhydrous AICI, (5.9 g., 4.4 JZ) were thoroughly mixed, acetic anhydride 
(1.5 c.c., 1.5 14) was added, and the reaction mixture was heated in an oil-bath at 
135°-140° for 1} hours. It was cooled, ice and HCI (15 c.c.) added, and the product 
collected;and washed. It was crystallised from absolute ethanol (charcoal) in long 
slender needles, m.p. and mixed m.p. 163-64° (0.6 g.). Sethna, Shah and Shah (/oc.ctt?.) 
give m.p. 165”, 
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triedel-Crafts Benzovlation of 5-Hydroxy-4-methylcoumarin: 5-Hydroxy-4- 
methyl-6-benzoylcoumarin (11, R= Ph).—To an intimate mixture of 5-hydroxy-4- 
methylcoumarin (1.76g., 10M.) and powdered anhydrous AICI; (40g, 3.3 1) 
benzoyl chloride (1.0 c.c., 1.1 M) was added and the mixture heated in an oil-bath 
at 160°-165° for 14 hours. It was cooled and decomposed with ice and HCI (15 c.c.). 
The solid separating was collected, washed with sodium bicarbonate solution and 
then repeatedly with hot water. It was crystallised from absolute ethanol (charcoal) 
in tiny needles, m p. 182-83° (0.6 g.). Shah and Shah (Zoc.cz/.) give m.p. 184-85’. 


Friedel-Crafts Acetylation: of 5-Hydroxy-4:7-dimethylcoumarin: 5-Hydroxy-4:7- 
dimethyl-6-acetylcoumarin (It1)—5-Hydroxy-4:7-dimethylcoumarin (1.9 g., 1.0 47) and 
powdered anhydrous AICI; (59-g,4.4°M) were thoroughly mixed, acetic anhydride 
(L.5 c.c., 15M) added and heated in anoil-bath at 140°-145° for14 hours. The 
product obtained on working up as usual was crystallised several times from absolute 
alcohol (charcoal) in tiny needles, m.p. 177-78 (0.5 g.). Shah and Shah (Joc. czt.) give m.p. 
180°. 


Friedel-Crafts Acetvlatton of 5:7-Dihydroxyv-4-methylcoumarin : 5:7-Dihyvdroxy- 
4-methyl6:8-diacetylcoumarin (IV, R=Me) and 5:7-Dihydroxy-4-methyl6-acetylcou- 
marin (V).—5:7-Dihydroxy-4-methylcoumarin (39g,10 4%), powdered anhydrous 
AICls (15.0 g,55M) and acetic anhydride (3.0 cc., 1.5 42) were heated at 140°-150° 
in an oil-bath for 1} hours. The reaction mixture was worked up as tusual and the 
product was fractionally crystallised from ethanol (charcoal). The first crop was a 
product of m.p. 163-64° (0.5 g.). Its mixed melting point with 5:7-dihydroxy-4-methyl- 
6:8-diacetylcoumarin, prepared by the Fries rearrangement of 5:7-diacetoxy-4-methyl- 
coumarin according to Desai and Mavani (Proc. /nd. Acad. Sct, 1947, 25A, 527) was 
not depressed. They give m.p. 164’. 


The methyl ether was crystallised from ethanol (95%) in needles, m.p. 115-16. 
(Found : C, 63.0; H, 5.2. C}¢H; gO, requires C, 63.2; H, 5.3 per cent). 

The mother-liquor on concentration: gave yellowish needles, m.p. 291-92°. It 
did not depress the melting point of 5:7-dihydroxy-4-methyl-6(or 8)-acetylcoumarin, 
prepared by the condensation of phloracetophenone with ethyl acetoacetate by the 
method of Shah and Shah (Joc. czt.). 

The dimethyl ether was crystallised from ethanol in long shining needles, m.p. 
169-70°. (Found: C, 63.8; H,5.3. Calc. for Cy4Hi40;: C, 64.1; H, 5.3 per cent). 
Shah and Shah ‘(oc.czt.) give m.p. 165-66". 

Attempted oxidation of this dimethyl ether with potassium persulphate in 
aqueous sodium hydroxide, according to the method of Parikh and Sethna (/oc.czt.), 
met with failure. 
Friedel-Crafts Benzoylation of 5:7-Dihydroxy-4-methylcoumarin: 5:7-Dthydroxy- 
4-methyl-6:8-dibenzoylcoumarin (IV,R=Ph).—An intimate mixture of 5:7-dihydroxy- 
4-methylcoumarin™ (3.9g., 1.014), powdered anhydrous AICl; (12.0g.4.41/) and 
benzoyl chloride (3.0 c.c., 1.5 14) were heated in an oil-bath at 170°-180° for 2 hours, 
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It was worked up as usual, and the product washed thoroughly with sodium bicarbo- 
nate solution and then with hot water and‘ crystallised from ethanol (charcoal) and 
then from acetic acid intiny needles, m.p. 254-55° (0:3 g.). (Found: C, 71.9; H, 4.0. 
Co4H;6O¢ requires C, 72.0; H, 4.0 per cent). 

Fries Transformation of 5:7-Dthenzoyloxy-4-methylcoumarin: 5:7 Dihydroxry-4- 
methyl-6:8-dibenzoylcoumartn (1V, R=Ph).—The unknown 5:7-dtbenzoyloxy-4-methy/- 
coumarin was prepared by heating 5:7-dihydroxy-4-methylcoumarin (5.8 g.) with 
benzoyl chloride (15.0 c.c.) and pyridine (4.0 c.c.) on a steam-bath for 2 hours. It 
was crystallised from ethanol (95%) (charcoal) in needles, m.p. 169-70° (6.0 g.). 
(Found: C, 72.0; H, 4.2. CogHi¢O¢ requires C, 72.0; H, 4.0 per cent). 

The dibenzoyloxycoumarin (4.0 g., 1.0 42) and powdered anhydrous AIC1;(6.0 g., 
44M) were mixed and heated at 165°-170° in an oil-bath for 2 hours. After 
working up as usual, the product obtained was crystallised from -absolute ethanol 
(charcoal) and then from acetic acid when 5:7-dihydroxy-4-methyl-6:8-dibenzoyl- 
coumarin separated in needles, m.p. and mixed m.p. 254-55’. 


The authors are grateful to Dr. S. M. Sethna for his keen interest in the work. 


Orcanic CHEMSITRY LABORATORIES, Received April 21, 1953. 
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HETEROCYCLIC COMPOUNDS. THE PERSULPHATE OXIDATION 
OF COUMARINYL g-TOLUENESULPHONATES 


By (Miss) M. D. Baavsar AND R. D. Dasalr 


Tae oxidacioa of mechorycoumicias by alkaline potassium persulphate affords methoxyhydroxy~ 
coumarins, where the hydroxyl group is in 6-position. Protection of the hydroxyl group by the 
p-toluenesulphoayl group (Tosyl), followed by alkaline persulphate oxidation and removal of the p-tolue- 
nesulphonyl group, enables the preparation of the isomeric methoxyhydrotycoumarins. 7-Hydrory-6- 
methoxy-4-methylcoumarin (mzthylscopoletin) and 5-hydrox y-6-methoxy-4:7-dimethylcoumarin have thus 


been prepared. 


In continuation of our work on the nuclear oxidation of ‘coumarins (/nd. 
J. Phar, 19351, 13, 209), we have successfuly investigated the possibility of 
oxidising the hydroxycoumarins by protecting the hydroxyl group by sulphonylation 
rather than methylation as the sulphonyl group can be preferentially eliminated. This 
method has enabled us to prepare the hitherto unknown hydroxymethoxycoumarins 
(cf. Curr. Sct, 1951, 20, 325). 


The g-toluenesulphonyl derivative (I) of 7-hydroxy-4-methylcoumarin under- 
went oxidation by alkaline potassium persulphate yielding 6-hydroxy-7-p-roluenesul- 
phonoxyl-4-methylcoumarin (II). Its methylation, followed by the removal of the 
p-toluenesulphonyl group gave 6-methoxy-7-hydroxy-4-methylcoumarin or 4-methyl- 
scopoletins (III), synthesised by Baker and Evans (/. Chem. Soc., 1938, 374). The 
melting points of this coumarin and its acetyl derivative agreed with those given by 
Baker e¢ ad. As would be expected, our product did not give any ferric chloride reac- 
tion but Baker's product has been described to give green coloration with this reagent. 
The removal of f-toluenesulphony! group from (II) gave 6:7-dihydroxy-4-methylcou- 
marin, identified by mixed m.p. with an authentic specimen. The formation of 4- 
methylscopoletin during the oxidation of 6 :7-dimethoxy-4-methylcoumarin has already 
been reported (doc.cti.). 


Similarly 4-toluenesulphonyl derivative of 5-hydroxy-4:7-dimethylcoumarin (IV) 
gave 6-hydroxy-5-f-toluenesulphonoxy-4:7-dimethylcoumarin(V), which after 
methylation and removal of the g-toluenesulphonyl group gave 6-methoxy-5-hydroxy- 
47-dimethylcoumarin (VI). The removal of g-toluenesulphonyl group from (V) 
gave 5:6-dihydroxy-4:7-dimethylcoumarin. 

The oxidation of the #-toluenesulphonyl derivatives of 6-hydroxy-4-methylcou- 
marin, 5:7-dihydroxy-, and 7:8-dihydroxy-4-methylcoumarins gave negative results as 
the original products were recovered unchanged. Suspecting the failure to be 
due to steric factors we are studying the oxidation by replacing the Tosyl by 
the methanesulphony! group. During the ditosylation of 7:8-dihydroxy-4-methyl- 
coumarin, was obtained the monotosyl derivative which has been assumed to be 
4-methyl-8-hydroxy-7-coumarinyl p-toluenzsulshoaate owing to the non-fluorescence 
of its alkaline solution. This observation has provided us with another new method 


8 
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for the preparation of partial methylethers of polyhydroxycoumarins, but this will 
form the subject of a future communication. 
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EXPERIMENTAL 


4-Methylcoumarinyl 7-p-Toluenesulphonate (1)—To a _ mechanically _ stirred 
solution of 7-hydroxy-4-methylcoumarin (5.1g.) and #-toluenesulphonyl chloride (6 g.) 
in acetone (100 c.c.), a solution of sodium bicarbonate (4 g.) in water (20 cc.) 
was added in four or five lots. After continued stirring for 4 hours, the mixture 
was poured in water, when the sulphonate, separated out in crystalline 
form. The solid was washed with 1{NaOH solution to remove'the unchanged 
coumarin, and crystallised from alcohol in white needles, m.p. 112° (yield almost 
quantitative). Its solution in concentrated sulphuric acid gave violet fluorescence. 
(Found : C, 61.4; H, 4.7. C}7H140;S requires C, 618; H, 4.2 per cent). 


Oxidation of (1) to 6-Hydroxy-4-methylcoumarinyl 7-p-Tolucnesulphonate 
(1I).—The solution of (I, 4g.) in pyridine (75 .c.) was mechanically stirred in a r.b. 
flask surrounded with ice-cold water, and solutions of KOH (8 g.) in water (80 c.c.) and 
potassium persulphate (8 g.) in water (200 c.c.) were gradually added alternately during 
3 hours. The red solution with blue fluorescence was stirred for 6 hours, and set 
aside for 24 hours. On making the solution acidic to Congo red by the addition of 
(HCl, cone.) the unchanged material separated out. This was collected and the 
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solution was extracted with ether, which gave some more unchanged material (1.2g.). 
The solution was then treated with sodium sulpbite (8 g.) and HCI (conc., 100c.c.), 
warmed on the water-bath for 45 minutes and cooled. The solid separating was 
removed (0.45 g.) and ether extraction of the solution gave another lot (0.15g.). This 
solid was treated with 2% sodium bicarbonate solution and crystallised from rectified 
spirit in white. needles, m.p. 228°. (Found: C, 58.4; H, 4.8. C,;zH;4O¢S requires 
C, 58.9; H, 4.6 per cent). It is dissolved in alkali with a deep yellow colour without 
any fluorescence. 


6-Methoxy-4-methylcoumarinyl -7-p-toluenesulphonate was obtained by re- 
fluxing the mixture of (II, 0.5 g.), anhydrous sodium bicarbonate (2.5 g.), dimethyl] sul- 
phate (1c.c.) and acetone (50 c.c.) for 25 hours. The residue left after removal of 
acetone was treated with water. The insoluble product was crystallised from alco- 
hol in colorless, slender needles, m.p. 196°, (Found: C, 59.6; H, 4.5. CisHi¢O.S 
requires C, 60.0; H, 4.4 per-cent). 


7-Hydroxy-6-methoxy-4-methylcoumarin was obtained by keeping the solu- 
tion of the preceding compound (0.5 g.) in concentrated sulphuric acid (15 c.c.) for 
24 hours and pouring fit over ice. The solid, purified through solution in dilute 
sodium hydroxide, crystallised from dilute alcohol in needles, m.p. 216°. It 
exhibited a blue fluorescence in alkaline as well as in aqueous and alcoholic 
solutions, but did not give any coloration with ferric chloride. Baker and Evans 
(loc.czt.) give m.p. 213.5°. (Found: C, 638; H, 5.1. Calc. for C11;H 00.4 : C, 640; 
H, 48 per cent). 

The acetyl derivative crystallised from dilute alcohol in needles, m.p. 190°. 
Baker and Evans (doc. cit.) give m.p. 188-89°. (Found: C, 62.6; H,48. Calc. for 
Cy3H2O;: oe 62.9; H, 48 per cent). 

6 :7-Dihydroxy-4-methylcoumarin was obtained by pouring the solution of (II, 
0.2 g.) in concentrated sulphuric acid (6 c.c.) after 24 hours over ice. The 
crystallised product melted-at 273°, undepressed on admixture with an authentic 
specimen. 

4:7-Dimethyl-5-coumarinyl p-toluenesulphonate (IV), prepared from 5- 
hydroxy-4: 7-dimethylcoumarin and #-toluenesulphonyl chloride, crystallised from 
dilute alcohol in needles, m.p. 188° and showed a green fluorescencelin concentrated 
sulphuric acid solution. (Found: C, 63.0; H, 4.9. CysH;,¢Qs5S requires C, 62.7; H, 
4.6 per cent). 

6-Hydroxy-4 :7-dimethyl-5-coumarinyl p-toluenesulphonate was obtained by 
oxidising the above coumarin (IV, 2g.), dissolved in pyridine (40 c.c.), with-potassium 
persulphate (5 g.) in water (100 c.c.) in presence of KOH solution (5 g.) in water 
(80 c.c.) in the usual manner. The oxidation product (0.66 g.) crystallised from dilute 
alcohol-in slender needles, m.p. 200°. (Found: C, 59.7; H, 4.2. C;3H ,¢O¢S requires C, 
60.0; H, 4.4 per cent). It dissolves in alkali with a deep yellow colour. 

6-Methoxy-4:7-dtmethyl-5-coumarinyl p-toluenesulphonate crystallised from 
dilute alcohol in colorless plates, m.p. 203°. (Found: C, 60.9; H, 48. C)5H, gO¢S re- 

quires C, 60.9 ; H, 48 per cent). 
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5-Hydroxy-6-methoxy-4 :7-dimethylcoumarin crystallised from ethyl acetate 
in white plates, m.p. 206°. (Found: C, 65.1; H,52. C,2H12O, requires C, 65.4; H, 
54 percent). It dissolves in alkali with a deep yellow colour and its alcoholic 
solution did not give any colour with ferric chloride. 


5 :6-Dthydroxy-4:7-dimethylcoumarin crystallised from ethyl acetate in 
plates, m.p. 258-59°. It dissolves in alkali with a deep orange colour and its alcoholic 
solution gives a reddish brown coloration with ferric chloride. The mixed m.p. of this 
sample with the one prepared by the oxidation of 5-methoxy-4:7-dimethylcoumarin 
and subsequent demethylation was the same. This coumarin has already been des- 
cribed by us (/oc. ett.) as well as by Parikh and Sethna (this Jourma/, 1950, 27, 366). 


4-Methyl-6-coumarinyl p-toluenesulphonate, prepared from 6-hydroxy-4- 
methylcoumarin and g-toluenesulphonyl chloride in the usual manner, crystallised 
from dilute alcohol in needles, m.p. 160-61°. Its sulphuric acid solution showed 
a blue flluorescence. (Found: C, 61.7; H, 4.4. Cy7Hi40;S requires C, 61.8; H, 
4.2 per cent). 


4- Methyl-5 :7-coumarinyl-dt-p-toluenesulphonate, prepared from 4-methyl- 
5 :7-dihydroxycoumarin, crystallised from dilute alcohol in colorless needles, m.p. 
163°. (Found: C, 57.5; H, 4.3. Cog4HooO¢S requires C, 57.6; H, 4.0 per cent). 


4-Methyl-7 :8-coumarinyl-dt-p-toluene sulphonate, prepared from 4-methyl- 
7 :8-dihydroxycoumarin, crystallised from dilute acetic acid in colorless needles, 
m.p. 175°. (Found: C,57.9; H, 4.3. CogHooOsS_ requires C, 57.6; H, 4.0 per cent). 


During the preparation of above disulphonate, a monosulphonate, soluble in 
alkali with a yellow colour and no fluorescence, was obtained in a small quantity. 
It crystallised from dilute alcohol in colorless needles, m.p. 207°. It might be the 
4-methyl-8-hydroxy-7-coumarinyl 4-toluenesulphonate owing tothe absence-of the 
fluorescence of its alkaline solution. (Found: C, 587; H, 4.2. Cy7H14O¢S requires 
C, 59.0; H, 4.0 per cent). 


The authors are thankful to Mr. T.S. Gore for the microanalyses and to the 


University of Bombay for the award of the Singhanee scholarship to one of us 
(M.D.B.) 
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HETEROCYCLIC COMPOUNDS. BROMINATION AND NITRATION 
OF 7-HYDROXY-2 : 3:DIMETHYLCHROMONE AND 
7-HY DROXY-2-METHYL-3-ETHYLCHROMONE 


By R. D. Dxsat, J. J. Trrvept anv J. P. TRIvepDI 


The monobromination of 7-hydroxy-2:3-dimethylchromone gave 8-bromo-7-hydroxy-2 : 3-dimethyl- 
chromone, while the dibromination gave 6 : 8-dibromo-7-hydroxy-2 : 3-dimethylchromone. Mononitration 
of the same chromone gave 8-nitro-7-hydroxy-2 : 3-dimethylchromone, while dinitration gave 3,:,5-dini- 
tro-8-resorcylic acid, which must have been formed by the hydrolysis of the initially formed 6: 8-dinitro- 
7-hydroxy-2 : 3-dimethylchromone. Similar results were obtained by the bromination as well as nitration 
of 7-hydroxy -2- methyl-3-ethylchromone. 


The bromination of chromones was studied systematically by Simonis and 
Petschek ( Ber., 1913, 43, 2014) and Simonis and Herovici (rbrd., 1917, 50, 646) in the 
case of 2-methylchromone, and they supposed that the primary product was formed 
by the addition of bromine to the ethylenic double bond. Arndt e¢ ai. (zd7d., 1923, 56, 
1269 ; 1925, 58, 1612) as well as Kollpfeiffer e¢ ai. (1bid., 1925, 58, 1654), who studied 
the bromination of thiochromones, had adopted the views of Simonis. Desai and 
Shroff (this Journal, 1952, 29, 447), who brominated 2':3-dimethyl-1 : 2-naphtho-?- 
pyrone, and its 4-bromo and 4-nitro derivatives as well as 2’-methyl-3’-ethyl-1:2- 
naphtho-?-pyrone, found that in each case a perdibromide was obtained, and this was 
formed by the addition of two bromine atoms to the pyrone oxygen. These bromine 
atoms were removed when treated with sulphurous acid, with the regeneration of the 
original pyrones. Desai (Rasavanam, 1938, 1, 155) also observed that hydroxy- 
chromcnes underwent substitution when treated with bromine under identical 
conditions. Naik and Sethna (this Journal, 1952, 29, 403) brominated 7-hydroxy-2- 
methylchromone and observed that it gave 8-bromo-7-hydroxy-2-methylchromone 
and 6:8-dibromo-7-hydroxy-2-methylehromone according to the experimental 
conditions. 


We brominated 7-hydroxy-2 : 3-dimethylchromone and found that monobro- 
mination gave 8-bromo-7-hydroxy-2:3-dimethylchromone, as its alkaline hydrolysis 
gave 2-bromoresorcinol (m.p. 101°) which was identified by comparing it with an 
authentic specimen prepared by the method of Rice ( /. Amer. Chem. Soc.,1926, 48, 3127). 
Dibromination gave 6:8-dibromo-7-hydroxy-2 : 3-dimethylchromone as it was 
hydrolysed by dilute alkali to 3:5-dibromc-2:4-dihydroxypropiophenone which was 
identified by comparison with an authentic specimen prepared by the dibromination 
of respropiophenone. Similarly the monobromination of 7-hydroxy-2-methyl-3- 
ethylchromone gave 8-bromo-7-hydroxy-2-methyl-3-ethylchromone as its alkaline 
hydrolysis gave 2-bromoresorcinol. The dibromination gave 6 : 8-dibromo-7-hydroxy- 
2-methyl-3-ethylchromone as its alkaline hydrolysis gave 3 : 5-dibromo-2 : 4-dihy- 
droxybutyrophenone, which was identified by comparison with an authentic 
specimen prepared by the dibromination of resbutyrophenone. 
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By nitrating 2:3-dimethylchromone, Simonis and Petschek (oc.ctt.) obtained 
6-nitro-2:3-dimethylchromone, while ‘Simonis ‘and Herovici (er., 1917, 50, 787) 
obtained 6-nitro-2 : 3: 5: 7-tetramethylchromone by the nitration of 2:3:5: 7-tet- 
ramethylchromone. Mehta, Jadhav and Shah (Proc, Ind. Acad. Sct, 1949, 29A, 
314) have studied the nitration of 7-hydroxy-2-methylchromone in concentrated 
sulphuric acid and obtained 8-nitro-7-hydroxy-2-methylchromone by mononitration 
and 6: 8-dinitro-7-hydroxy-2-methylchromone.*by dinitration. They also studied 
the nitration of'7-hydroxyflavones. 

The nitration of 7-hydroxy-2:3-dimethylchromone and 7-hydroxy-2-methyl-3- 
ethylchromone has been studied by usin acetic acid and concentrated sulphuric 
acid media.“ Mononitration of 7-hydroxy-2:3-dimethylchromone with concentrated 
nitric acid :gave 8-nitro-7-hydroxy-2:3-dimethylchromone as its alkaline hydrolysis 
gave 2-nitroresorcinol, which was identified by comparison with an authentic speci- 
men prepared according to the method of Kaufmann and De Pay (Ser., 1911, 44, 755) as 
modified by Hodgsonand Dyson (/. Chem. Soc., 1935, 946). Dinitration was not possible 
even with fuming nitric acid in the acetic acid medium, as only the mononitration 
took place, but the use of concentrated sulphuric acid as the medium gave 2: 4-dihy- 
droxy-3 : 5-dinitrobenzoic acid and a trace of 8-nitro-7-hydroxy-2-methylchromone. 
The isolation of 2:4-dihydroxy-3:5-dinitrobenzoic acid shows the initial formation of 
its progenitor 6 ; 8-dinitro-7-hydroxy-2:3-dimethylchromone which must have under- 
gone hydrolysis to 3: 5-dinitro-2 : 4-dihydroxybenzoic acid. Our attempts to isolate 
the 6 : 8-dinitro derivative'by the further nitration of 8-nitro-7-hydroxy-2:3-dimethyl- 
chromone were unsuccessful as only the dinitro-8-resorcylic acid:;was: obtained. 
Similar results were obtained with 7-hydroxy-2-methyl-3-ethylchromone, where also 
the dinitration gave only 3 ; 5-dinitro-8-resorcylic acid as the isolable product. These 
observations on the monobromination and mononitration of 7-hydroxy-2 :'3-dimethyl- 
and 7-hydroxy-2-methyl-3-ethylchromones show that the 8-position: is more reactive 
than the 6-position, as one will expect from the Mills-Nixon effect in 7-hydroxy- 
chromones (7, Chem. Soc., 1930, 2510.) 

EXPERIMENTAL 
7-Hydroxy-2:3-dimethylchromone and 7-hydroxy-2-methyl-3-ethvichromone were 
prepared according to the method of Canter, Curd and Robertson (/. Chem. Soc., 
1931, 1255.) 

8-Bromo-7-hydroxy-2:3-dimethylchromone.—To a warm solution of 7-hydroxy- 
2:3-dimethylchromone (5 g.) in glacial acetic acid (50 c.c.) bromine (1.4 c.c., 14M) in 
glacial acetic acid (25 c.c.) was gradually added with continuous shaking. A large 
amount of hydrogen bromide was given out during the addition of bromine solution. 
The contents were kept overnight at room temperature and the crystalline product 

separating was filtered off. More of the same substance was recovered from above 
solution, when:added to on excess of water. It crystallised from alcohol in orange 
needles, m.p. 248°. (Found : Br 29.27. C;,;H,O;Brrequires Br, 29.73 per cent). 
TTydrolysts ot the above 8-bromo product (2 g.) was carried'out with 10% NaOH 
solution (30 c.c.) by heating over a sand-bath for 4 hours. The alkaline solution on 
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d acidification gave a semi-solid, which was extracted with ether, washed with water, 
!) dried over anhydrous sodium sulphate and the ether recovered. The solid obtained 
t- was crystallised twice from chloroform and finally from petroleum ether in colorless 
A, needles,'m.p. 101°. It was proved to be 2-6romoresorcinol as with an authentic speci- 
d men its mixed m.p. was undepressed. 
; 6 : 8-Dihromo-7-hydroxy-2:3-ditmethylchromone.—To a _ warm solution of 7- 
hydroxy-2:3-dimethylchromone (5 g.) in glacial acetic acid (50 c.c.) bromine (28'c.c.) 
3. in glacial acetic acid (50 c.c.) was gradually added with continuous stirring. Hydro- 


gen bromide was found to be evolved. After keeping the reaction; mixture overnight 
it was poured in excess of water. The solid separating was crystallised‘ from alcohol 


? in pinkish-needles, m.p. 243° (depressed to 228° by admixture with the monobromo- 
o chromone). (Found: Br, 468. C;;3HsOsBro requires Br, 46.0 per cent). 
- Hydrolysis of the above dibromo derivative in the usual manner gave a product. 
e which ‘was crystallised from chloroform in long, yellow needles, m.p. 73-74°. It was 
" proved to be 3: 5-dibromorespropiophenone, as its mixed m.p. with the authentic 
ug specimen was undepressed. 
. 3: 5-Dibromorespropiophenone.—Respropiophenone (16 g.) was dissolved in 
| chloroform (50 c.c.) and bromine (1 c.c., 2 M) in chloroform (10 c.c.) was added to it 
. with stirring. The fumes of hydrogen bromide were evolved and the reaction 
mixture became warm. After keeping; it overnight, chloroform was allowed to 
1 evaporate slowly when long, brown needles separated out, m.p. 74°. (Found: Br, 50.20. 
, C.HsO3Bre requires Br, 49.4 per cent). 
e 8-Nitro-7-hydroxy-2 : 3-dimethylchromone—To a warm solution of 7-hydroxy- 
‘ 2: 3-dimethylchromone (2 g.) in glacial acetic acid (10 cc.) nitric acid (@ 1.42, 
g 0.43 c.c., 1.) in acetic acid (10 c.c.) wasgradually added with constant stirring. 
- The mixture was kept overnight and added to crushed ice, when a solid product was 


obtained. It was crystallised from alcohol in small yellow plates, m.p. 246°. (Found: 
N, 5.79. C113H9O5N requires N, 5.95 per cent). 


Hydrolysis of the above compound in the usual manner gave a product which 
crystallised from petrol in orange prismatic needles, m.p. 85°. This was confirmed to 
be 2-nitroresorcinol as its m.p. was undepressed by admixture with an authentic 
specimen. : 

Nutration of 7-Hydroxy-2 : 3-dimethylchromone with two Mols. of Nitric Acta. 
—7-Hydroxy-2 : 3-dimethylchromone (6 g.);in’ glacial acetic acid (20 cc.) was taken 
and nitric acid (d@ 1.5, 1.32 c.c.) was added to the above warm solution dropw’se 
with constant shaking when copious brown fumes: were evolved. After keeping 
the reaction mixture overnight it was poured on crushed,ice. The solid separating 
was crystallised’from alcohol'in yellow needles, m.p. 246°, and was proved to be 
mononitrochromone by'mixed m.p. 





Nitration in sulphuric acid medium below 10° gave the first crop, m.p. 204°, 
soluble in sodium bicarbonate solution with effervescence and proved to be 3:5. 
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dinitro-8-resorcylic acid by mixed m.p. with an authentic specimen. Second crop gave 
the mononitro product. 

Nitration of 8-nitro-7-hydroxy-2 : 3-dimethylchromone, dissolved in sulphuric 
acid as well as acetic acid, again gave the main product 3 : 5-dinitro-8-resorcylic acid. 
This confirms that the 6-position of the chromone ring has been nitrated but the 
chromone has simultaneously broken down. 

8-Bromo-7-hydroxy-2-methyl-3-ethylchromone was obtained by bromination 
of 7-hydroxy-2-ethylchromone in an identical manner as in the case of 7-hydroxy- 
2: 3-dimethylchromone. It crystallised from alcohol in pinkish needles, m.p. 244 
(decomp.). (Found: Br, 28.6. C,;,H,,O3Br requires Br, 28.3 per cent). 

Hydrolysis of the above bromochromone under ordinary conditions gave 2- 
bromoresorcinol. 

6:8- Dibromo-7-hydroxy-2-methyl-3-ethylchromone was prepared by bromina- 
ting 7-hydroxy-2-methyl-3-ethylchromone withtwo mols. of bromine in the usual 
manner. It crystallised from alcohol in colorless prismatic needles, m.p. 226°. 
(Found: Br, 43.6. C;2H;oO3Brzg requires Br, 44.2 per cent). 

Hydrolysis of the above dibromochromone gave a product which crystallised 
from benzene in yellow needles, m.p. 100°. This was confirmed to be 3: 5-dibromo- 
2:3-dihydroxybutyrophenone by mixed m.p. with an authentic specimen. 

3 : 5-Dtbromo-2 : 4-dihydroxybutyrophenone was obtained by brominating res- 
butyrophenone with two mols. of bromine in chloroform medium as usual. It crys- 
tallised from benzene in yellow needles, m.p. 100°. (Found: Br, 46.9. Ci9H;9O3Br2 
requires Br, 47.3 per cent). 

8-Nitro-7-hydroxy-2-methyl-3-ethylchromone was obtained by nitrating the 
chromone with one mol. of nitric acid as usual. It crystallised from alcohol in yellow 
clusters of piatelets, m.p. 246°. (Found: N. 5.53. Cy2H;;0;N requires N, 5.62 per 
cent). Hydrolysis of the above nitrochromone gave 2-nitroresorcinol. 


Nitratton of the chromone with 2mols.-mnttric actd in sulphuric as well 
as acetic acid solutions gave mainly 3:5-dinitro-8-resorcylic acid and a trace of the 
mononitro product. Nitration of 8-nitrochromone, dissolved in sulphuric acid or 
acetic acid, alsa gave dinitro-8-resorcylic acid. This proves that the 6-poistion in 
chromone is attacked but the dinitrochromone is not isolable. 

The authors’ thanks are due to the Ahmedabad Education Society for the 
facilities granted to them. 
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Iric ESTIMATION OF THORIUM BY ORGANIC REAGEANTS. PART L 

sid. PHENYLGLYCINE-o-CARBOXYLIC ACID 

- By SACHINDRA Kumar Datta anD GURUPADA BANERJEE 

ion A convenient method for the estimation of thorium and its separation from cerite earths present in 
monazite, with the use of phenylglycine-v-carboxylic acid, is described. 

ry. 

“e For the estimation of thorium in solution Meyer and Speter (Chem. Zég., 1910, 
34, 306) used KIO; in HNO, for its precipitation ; Rosenheim (sbzd., 1912, 36, 821) 

>. introduced the hypophosphate method and Carney and Campbell (7. Amer. Chem. 

m Soc, 1914, 36, 1134) used pyrophosphate. Volumetric determination of thorium 
including the use of ammonium molybdate solution was also carried out by various 

- workers. Thermometric methods have been employed with success for rapid deter- 

ual mination of thorium in presence of rare earths by Dutoit and Grobet (/. chim. phys., 

6". 1924, 19, 324), Dean and Watts ( 7, Amer. Chem. Soc., 1924, 46, 855), Paris and Roberts 
(Bull. soc. chim., 1945, 16, 538) and Dutt (this Jozrnal, 1951, 23, 86). 

ed Metzger (_/. Amer. Chem. Soc., 1902, 24, 901) introduced first the use of organic 

O- reagents (fumaric acid) in the estimation and isolation of thorium from a solution of 
rare-earths ; m-nitrobenzoic acid, an effective reagent for thorium, was first utilised by 

S- Neish (Chem. News, 1904, 90, 196); phenylarsenic acid was utilised by Rise and Foggs 

s- (J. Amer. Chem. Soe. 1926, 48, 893). Thorium phenylarsenate obtained by this method 

fo required further precipitation as oxalate, as the former did not give off all its arsenic 
during ignition (a disadvantage of the method). Another quantitative 

e reagent used in successful precipitation of thorium is sebacic acid (James and Smith 

- 1bid., 1912, 34, 281). A number of other suitable reagents like ferron (Ryan and 

>r McDonell, Anal. Chem., 1947, 19, 410), tetrachlorophthalic acid, dibromosuccinic 
acid etc. (Gordon and Vanselow, zdid., 1949, 21, 1323) that found application 

1 in the estimation of thorium needs mention also. Raghava Rao and his co- 

. workers (this Journal, 1950, 27, 81, 457, 459, 610, 633; 1951, 28, 261, 551, 





515, 218) carried out a systematic investigation on the suitability of quite a 
large number of organic reagents. In this communication, the use of phenylglycine-o- 
carboxylic acid as an analytical reagent for thorium is described. It is also seen that 
thorium can be separated from cerite earths present in monazite. The process is of 
some interest, as the reagent can be prepared by an easy and quick method ; the 
process of estimation involves a single precipitation, and hence, is not time-consuming 
and a very small quantity of thorium (about 1 mg.), when present in a solution, can 
also be precipitated by this reagent completely. 












EXPERIMENTAL 






Stock solutions of thorium nitrate, cerium nitrate and lanthanum nitrate 
(Merck’s reagents) were prepared and the earth contents were determined by 
standard oxalate method. 

] 
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Phenylglycine-o-carboxylic actd was prepared by heating anthranilic acid 
(13.6 g.), chloroacetic acid (11.4 g.) and anhydrous sodium carbonate (17 g.) in 100 c.c. 
water, on a water-bath for 3 hours, cooled and acidified with dilute HCl. The light 
brown precipitate obtained was filtered after 24 hours and recrystallised from water 
as colorless crystals, m.p. 209° (cf. Guha Sircar and Datta, this Journal, 1950, 27, 357). 


Procedure.—The thorium solution was made just neutral to Congo red by adding 
a dilute solution of NaOH. The solution was then brought to boiling and to it a 
boiling 1% solution of phenylglycine-o-carboxylic acid was added in slight excess. 
A flocculent precipitate appeared which settled completely within 15 minutes. On 
boiling, the precipitate became gelatinous and hindered filtration. The precipitate 
was filtered, while hot, and washed with 0.5% solution of the reagent, followed by hot 
water, and ignited to the oxide. Some results are shown in Table I. 


TABLE I 


ThO, taken ThO, found by Error. ThO, taken ThO, found by Error. 
(by oxalic acid the authors. (by oxalic acid the authors. 
method). method). 


0.3280 g. 0.3278 g. —0.0002 g. 0.0503 g. 0.0503 g. + 0.0000 
0.2673 0.2670 — 0.0003 0.0378 0.0377 —0.0001 
0.1640 0.1641 +0.0001 0.0252 0.0253 +0.0001 
0.1154 0.1152 — 0.0002 0.0131 0.0129 - 0.0002 
0.0821 0.0820 - 0.0001 0.0098 0.0092 - 0.0006 
0.0755 0.0753 =- 0.0002 
Effect of Ammonium [ons.—The thorium solution was neutralised generally with 
NaOH solution and not by NH4,OH, as the presence of ammonium ions inhibited 
the complete precipitation of thorium by this reagent. The effect of ammonium ions 
was studied by adding various amounts of ammonium salts to the thorium solution 
which was neutralised to Congo red with NaOH. The results are shown in Table IL. 


TABLE II 
ThOg taken. Ammonium salts added. ThOg found. Error. 


0.0328 g. NH,NO, 0.5¢. 0.0310 g. —0.0018 g. 
0.1 0.0291 — 0.0037 
0.2 0.0263 — 0.0065 


0.5 0.0282 —.0046 
0.1 0.0251 — 0.007 / 
0.2 0.0203 ~ 0.0125 


0.0328 (NH,)2COs 0.5 0.0080 — 0.0248 


Effect of pu.—As the reagent did not effect complete precipitation of thorium 
in highly acid solution, suitable Ju range for its complete precipitation was studied. 
Table III shows that a Ju range from 4.4 to 5.2 is effective for the quantitative 
precipitation of thorium. 





ESTIMATION OF ‘THORIUM 


TABLE III 
ThO,g taken=0.0821 g. 


pH 28 3.1 3.8 4.2 4.4 4.6 5.0 5.2 


ThO, 0.0789 0.0790 0.0800 0.806 0.0819 0.0820 0.0822 0.821 
(found in g.) 


Composition of the Thorium Prectpitate—The precipitate was washed with hot 
water and dried in an air-oven at 105°-110° for several hours. Weighed quantities of the 
dried precipitate were ignited to the oxide. From the weights of ThOz obtained 
it seems that an atom of thorium combined with two molecules of phenyglycine-o 
carboxylic acid and two molecules of water remained associated with it. As the 
composition is not definite, thorium cannot be determined by direct weighing method, 
and hence, ignition of the precipitate to thoria is essential. 

Separation from Thorium-cerium and Thorium-cerium-lanthanum Mixtures.— 
Thorium can be completely precipitated in the said Ju range from an artificial 
mixture of thorium and cerium nitrate solutions and also from a_ mixture of thorium- 
cerium-lanthanum nitrate solutions by following the same procedure. The results 
shown in Table [V indicate that thorium may be freed with the aid of this reagent 
even from a mixture in which thoria-rare-earth oxide ratio is (1:16). 


TABLE IV 
ThOg taken. CeOg added. LagO, added. ThO, found. Error. 
0.0821 g. 0.0537 g. oe 0.0822 +0.0001 
0.0805 “ 0.0821 0.0000 
0.1074 wi 0.0823 +0.0002 
0.1342 oe 0.0820 - 0.0001 
0.1611 ove 0.0822 +0.0001 


0.0537 0.0381 g. 0.0326 - 0.0002 
0.0537 0.0762 0.0328 +0.0000 
0.2148 0.0952 0.0327 - 0.0001 
0.3703 0.1524 0.0329 +-0.0001 
0.4273 0.2303 0.0330 +0.0002 


Estimation of Thorium in Indian and Brazilian Monaxites——Acid extracts of a 
sample of Travancore and a Brazilian monazite were separately prepared, after remo- 
ving from them zirconium and phosphoric acid, according to Raghava Rao e/ al. 
(this Journal, 1950, 27. 458). The extract was made neutral to Congored with 
NaOH solution and the estimation of thorium was carried out by the method already 
described. To compare the results, thorium was also estimated in those samples 
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side by side bya double precipitation with m-nitrobenzoic acid. The results are 
shown in Table V. 


TABLE V 


Wt. of the sample. m-N itrobenzoic acid. Phenylglycine-o-carboxylic acid, 
Wt. of ThOg obtd. % ThO,. Wt. of ThO, obtd. % ThO,,. 


Indian monazite. 
0.560. 0.0409 g. 7.30 0.0410 g, 7.30 
1,120 0.0820 7.32 0.0818 7.31 
1.400 0.1026 7.32 0.1027 7.32 
1.960 0.1430 7.32 0.1432 7.32 
Brazilian monazite. 
1.103 0.0498 4.49 0.0497 4.50 
1.645 0.0744 4.49 0.0744 4.49 
1.929 0.0868 4.50 0.0866 4.49 
The authors are highly indebted to Principal D. N. Das Gupta, M. Sc. for his 
kind encouragement and for providing all laboratory facilities and the Govt. of 
India, Ministry of Natural Resources and Scientific Research for kindly supplying 
a sample of Indian monazite for analysis. 


CHEMICAL LABORATORIES, Received August 29, 1953. 
DaRJEELING Govt. COLLEGE, 
DARJEELING. 





are 





(Jour. Indian Chem. Soc., Vol. 31, No. 2, 1954] 






REACTIONS WITH DRY ALKALINE EARTH HYDROXIDES. PART VI. 
A SIMPLE AND RAPID METHOD FOR THE ESTIMATION OF THE 
NITROGEN CONTENTS IN PROTEID AND NON-VOLATILE 
NITRO COMPOUNDS 


By J. DaTTa 











A simple and rapid method for the estimation of the nitrogen contents in proteid and non-volatile 
nitro compounds consists in heating the impalpab!e powder of the respective sample with an excess (at 
least 20 times) of lime-sulphur mixture (3: 1) and titrating the evolved ammonia. 










Bertholet had shown that the nitrogen of organic compounds can be released as 
ammonia by the reductive effect of HI. According to Opotozki (Chem. Znd., Russia, 
1929, 6, 512) the same effect is obtained by the action of heated hydrogen gas and the 
values of nitrogen contents in organic compounds, thus obtained, are higher than the 
corresponding results by Kjeldahl’s method. It has been shown earlier (this Journal, 
1952, 29, 394) that a heated lime-sulphur mixture possesses a peculiar hydrogeneting 
effect on nitro compounds. The object of the present work was to investigate whether 
the same could be utilised as a quantitative measure for the estimation of nitrogen in 
organic nitro compounds and proteid matters in general. 









EXPERIMENTAL 






Reagents used in this work were the same as in others, communicated earlier in 
this series. Nitrocellulose was obtained from waste cinema film, washed clean with 
dilute NaOH solution, cut into small pieces and dried in a desiccator. A sample was 
estimated for its nitrogen content by the method of Kruger (7. angew., Chem., 1928, 
41, 407). Proteid matters were analysed for their nitrogen contents by the usual 
Kjeldahl method. Results obtained by these standard methods are shown under the 
respective heads in the table below. 

The first procedure for the estimation by lime-sulphur mixture was the prepara- 
tion of the charge to be heated. Such materials as could be easily pulverised or 
already in powdery condition were directly weighed out and put into a porcelain basin 
and mixed with the requisite quantity of lime-sulphur mixture. In case of tough 
specimens fine scales were skinned out with the help ofa razor blade and the 
weighed quantities of these were rubbed hard with the round end of a big test tube 
after the addition of 2 c.c. of water. When the mass had turned into a paste, free 
from any gritty particles, necessary amount of lime-sulphur mixture was added and 
the whole incorporated over again. For nitrocellulose, the weighed quantity was 
dissolved in cold in about 2c¢.c. of pure ethyl acetate. Lime-sulphur mixture was 
added to this and thoroughly mixed. 


Thin hard glass test tubes (}X6 inch) were selected for the analysis. At the 
bottom of the test tube a mixture of 3 g. of anhydrous CaCl, and 1 g. of Ca(OH), 
were placed and mixed with 5 c.c. of water. This was set aside for few minutes when 
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the mass solidified ; 2 g. of Ca(OH)> were placed over this and above this the charge 
was carefully transferred from the basin. The test tube was then padded on a soft 
cushion so as to compress the mass inside, taking the measure to keep a central 
hole (cf. Dutta, this Journal, 1953, 30, 225). When compressed, the mass inside 
usually occupied about half the volume of the test tube. The empty space was filled 
up with sodalime granules (1:2, 20 mesh). This mass having been covered with a round 
piece of filter paper the test tube was closed witha valvet cork having a delivery 
tube (}X3 inch) inserted within. The other end of the latter was attached to another 
glass tube (finch x 3 ft.) by a glass tubing and this was kept immersed in the standard 
acid solution (N/10) kept in a 100 c.c. conical flask. The test tube was mounted on a 
stand the clamp fitting on the protruding portion of the valvet cork. The sodalime 
region of the tube was first heated by playing the reduced flame of a luminous Bunsen 
burner. This was then placed immediately below this region in order to prevent 
accumulation of water there. The size of the flame of a second burner was then reduc- 
ed to the minimum and rendered luminous. The region of the charge was heated 
by it taking care to place the flame at least 1} inch below the surface of the tube and 
to rotate the latter frequently in order to have uniform heating all around. This 
treatment was continued for full 5 minutes. Next the size of the flame was increased 
and the region of the tube from the charge to sodalime layer strongly heated for 
5 to 7 minutes more, taking care to concentrate the heat more on the charge, and to 
raise it to a dull red heat all around and to retain it in this state at least for a minute. 


TABLE I 
Substances Weights of % Nitrogen. 
analysed. substance. lime. sulphur. Found. Standard. 
Oilcake 0.2 g. 5.0 g. 1.5 g. 5.25 4.60 
0.1 A 0.5 5.32 
0.2 3.0 1.0 5.25 
Milk powder 0.1 5.0 15 6.18 6.05 
(skimmed) 0.2 3.0 : 1.0 6.30 
0.1 15 0.5 6.37 
Lentiles 0.1 5,0 15 4.35 4.10 
0.2 3.0 1.0 4.48 
0.1 1.5 0.5 4.48 
Khesari 0.1 5.0 15 4.76 4.46 
0,2 3.0 1.0 4.90 
0.1 15 0.5 04 
Dried blood 0,1 5.0 1.5 9.80 11.20 
0.2 3.0 1.0 11.27 
0.1 15 0.5 11.13 
Oil seed 0.1 5.0 1.5 3.34 3.36 
(groundnut, fried) 0.2 3.0 1.0 3.36 
0.1 EO 0.5 3.36 
Nitrocellulose 0.1 15 0.5 8.01 8.12 
0.2 3.0 1.0 8.01 
0.1 1.0 0.3 6.30 
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The CaCl region was then heated, care being taken to introduce the flame very 
slowly, so as to expell the water contained therein which drove out all the ammonia 
retained by the solid mass. The end of the operation, which came almost imme- 
diately, was marked by the starting of a back suction in the long delivery tube. The 
arrangement was then detached, the washings of the delivery tube added to the acid 
contents and the latter titrated in the usual way. Nitrogen contents, thus obtained, 
in different cases together with the corresponding standard results are shown in 
Table I. 


Discuss1l1O0ON 

Results of the above table would show that the nitrogen in a non-volatile nitro- 
compound, found by the lime-sulphur and the standard methods, are practically the 
same provided that the lime-sulphur mixture is taken-in an excess. This observation, 
combined with the earlier one regarding the quantitative transformation of the 
nitrogen in dinitronaphthalene into ammonia (Dutta, this Journal, 1952, 29, 394), can 
probably be taken as the basisof the generalisation that the nitrogen inall non- 
volatile nitro compounds can be estimated by the lime-sulphur method, as detailed 
above. Volatile nitro compounds have not been found to yield trustworthy results 
by this method, a part of the amine formed escaping the decomposing actions 
of lime-sulphur and sodalime layers, short as these must be in this simple arrangement. 
Results obtained in case of practically all the proteid matters treated can be seen to 
be either at par with or slightly higher than the corresponding Kjeldahl results. This 
is not surprising since the reduction of the nitrogen to ammonia in the former process 
is in all probability affected by the action of nascent hydrogen, as explained in a 
previous communication (Dutta, zdzd., 1952, 29, 751), and as such is apt to yield 
results higher than those from Kjeldahl procedure (Opotozki, /oc. czt.). Experiments 
conducted with varying dilutions of the nitrogeneous matters with lime-sulphur 
mixture had revealed that the results obtained with a 1: 20 proportion were the same 
as with higher quantities of lime-sulphur mixture ; with a lower proportion of the 
latter, however, the results came appreciably lower than the standard one, particularly 
in the case of nitrocellulose, as cited in the table above. A dilution of 1 : 20 therefore 
can be taken as the ideal one for working with any proteid or non-volatile nitro com- 
pound. In the simple arrangement, described above, workings with 0.1g to 0.2g. of the 
samples were found to be the best to manipulate. With larger quantities e.g.0.4 or 
0.5 g., tints were imparted to the distillate introducing the additional trouble of second 
distillations. Results therefrom, however, were identical with those obtained from 
lower weights by direct distillation. This observation proves that the alkali of heated 
sodalime, protected as it is by the plug of filter paper, does not obviously find any 
chance to be carried over by the current of steam. In view of this finding the second 
distillation was dispensed with wherever the colour of the distillate permitted direct 
titration. The mode of heating was found to influence the final result to a consider- 
able extent. When the charge was subjected to a strong heat from the very start, or 
the heating at the end was not enough to raise the charge to a red heat, as referred to 
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in the paper, the results came appreciably lower. In the primary stage of the heating 
the nitrogen undergoes a process of hydrogenetion (cf. Dutta, zdc¢., 1953, 30, 71,) for 
which a low temperature is absolutely necessary, whereas at the last stage a strong 
heat is called for to complete the decomposing action of lime. It was again found 
absolutely necessary to subject the CaCle region toa strong heat (though with 
the caution to increase it very gradually) so as to expell all the water and together 
with it all the gases from the interior. Whenthis process was completed, as was 
marked by the back-suction in the delivery tube, no further heating was found neces- 
sary, Since some special experiments subjecting the tube to dull red heat for half an 
hour after the above stage was reached, revealed no improvement in the final result. 
In order to ascertain whether the suggested method of the expulsion of ammonia was 
perfect or not, a sample of extra pure urea was estimated by this method with and 
without the use of CaCls layer at the bottom. Nitrogen contents found were 46.1 
and 42.3 respectively, which went to prove that the procedure of the expulsion of 
ammonia was faultless. Spirit lamps as the means of heating have been found to be 
equally useful, rather better, since the risk of the tubes to crack is lesser. Total 
time required for each of the experiments has been found to vary from half an hour to 
three quarter, the latter being for such substances as nitrocellulose, oilseed ete. 
requiring a preliminary treatment to render them impalpable. 


Seat Sincu Coiiece Received August 21, 1953. 
JIAGANJ, 
MuRsHIDABAD. 
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POTENTIOMETRIC STUDIES ON THE REACTION BETWEEN 
MERCUROUS (MERCURY) AND POTASSIUM FERROCYANIDE 


By Ram Sanat SAXENA AND C. S. BHATNAGAR 








The reaction between mercurous nitrate and potassium ferrocyanide has been studied potentio- 
metrically using ferricyanide-ferrocyanide electrode and Hgtt/Hy,**-electrode. The titration curves 
suggest the reaction : 2 Hg.(NO3),+K,Fe(°N)¢ = Hg,[Fe(CN)s] +4 KNOs. It has been observed that 
the reaction proceeds quantitatively and with a good break in potential at the equivalence point, with 
either substance used as the reagent. The reaction, though simple, affords a quantitative method for the 
determination of mercurous solutions. 







There are very few references in literature to the study of this reaction. Fen- 
wick (Dissertation, Ann. Arbor, Mich, 1922, p. 79) tried to study the possibility of 
the reaction between mercurous salt and potassium ferro and ferricyanides. She 
remarks ‘A very brief investigation was made of the possibility of titrating ferro and 
ferricyanide with mercurous solution. Both titrations were possible but the ferro- 
cyanide titration s2zemed the more favourable for development’. Inthe absence of 
any decisive views on this reaction, it was considered worthwhile to make a detailed 
study of this reaction by physico-chemical methods. In this paper only the results 
of potentiometric titrations have been included and discussed. 












ExPERIMENTAL 










‘Analar’ B. D. H. reagents were used. Pure mercurous nitrate (50¢.) was 
dissolved in distilled water with the aid of 10 c.c. of HNO s (d¢1.2). The solution 
was filtered and th efiltrate : diluted with water to 2 litres. The solution was 
standardised potentiometrically against standard sodium chloride. Potassium ferrro- 
cyanide solution was estimated by titrating against standard solution of KMnOy, (cf. 
Treadwell and Hall, “Analytical Chemistry”, part II, p. 536). 

Using different concentrations of the two salts in solution, the potentiometric 
titrations were performed both by the direct and the reverse methods. In the 
direct titration potassium ferrocyanide containing 1% potassium ferricyanide 
was used to make ferri-ferrocyanide electrode (Kolthoff and Furmann, 
“Potentiometric Titrations”, p. 323). Electrode used was of _ platinised 
platinum foil (Muler, Z. phystkal. Chem., 1914, 88, 44) and it was used in 
conjunction with a saturated calomel electrode. In the reverse titrations Hg**/Hg.** 
electrode was prepared by adding 1 c. c. of mercuric nitrate (V/10) to the mercurous 
solution. Curves were plotted between the volume of the titre and fons) and 
from the break in the curves the equivalence point could be found. This was further 
checked by calculating the maximum value of A Z/AC in each case. The titrations 
were carried out at several dilutions but only two cases have been included here for 
the sake of brevity. 
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Direct Titrations 
TABLE [| 


Conc. of Hgo(NO3)2— M/7.1 Conc. of K,gFe(CN), = 44/20. 
Vol. of mercurous nitrate soln. taken —10 c.c. (curve 1). 


2 - selena: soli ton: lillian 
0.0 c. c. 0.592 volt 4.8. c. 0.5200 volt 7.3 €. €. 0.2860 volt 
0.4 0.592 5.3 0.504 7.4 0.2700 
0.9 0,590 5.9 0.480 75 0.2560 
14 0.586 6.3 0.462 45 76 0.2440 
19 0.582 6.6 0.432 78 0 2260 
2.3 0.576 6.8 0.395 185 7.9 0.2170 
2.8 0.570 6.9 0.373 220 8.0 0.2100 
3.3 0 562 7.0 0.342 , 310(max.) = g2 0.2030 
38 0.550 7.1 0.320 220 8.5 0.1900 
43 0.538 7.2 0.300 200 90 0,1880 


The calculated equivalence point for the formation of Hg4[Fe(CN).] is 7.04 
while A 7/4 Cis maximum at 6.95 c. c. 


TABLE II 
Conc. of Hgs(NO3)e=M/14.2. Conc. of K,Fe(CN)¢ = M/30. 


Vol. of mercurous nitrate soln.= 10 c.c. 


AAC. 


K,Fe (CN), Eobs. K,Fe (CN), Eobs. AE/AC. K,Fe(CN)g Eobs. 
added. added. added. 


0.0 c. c. 0.630 volt 3.8 ¢. ¢. 0.513 volt 5.3. ¢. 0.263 vole 160 
0.5 0.620 4.0 0.496 g 5.4 0.248 150 
1.0 0.616 2 0.477 ‘ 5.5 (.234 140 
1.5 0.610 4.4 0.457 5.6 0.223 110 
2.0 0.602 4.6 0.431 5.8 0.205 

2.5 0.599 48 0.396 175 6.0 0.193 

3.0 0.571 5.0 0.347 245 7.0 0.190 

3.2 0.558 5.1 0.316 310 8.0 0.190 

3.4 0.544 5.2 0279) 370 (max.) 

3.6 0.529 
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The calculated equivalence point for the formation of Hg,Fe(CN)., is 5.28 
while 4/Z4 C is maximum at 5.20 c.c. 


Curve I. Curve IL. 
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Reverse Titrattons 
Mercurous nitrate from the burette was added to potassium ferrocyanide in the 
electrode vessel. 






TABLE III 
Conc. of K4Fe(CN)., = 47/50. Conc. of Hge(NO3)2= 4//7.1 
Vol. of potassium ferrocyanide taken= 10 c.c. 







Hge(NOsz ) . Hgs(NOsz) , Hg, (NOs), ~pe He (NOs)o 7 
nen” Eobs. hey 2 Eobs. added. 573 Eobs. fe ly Eobs. AE AC. 






0.0 c. ¢. 0.100 volt 18¢.c. 0.238 volt 36c.c. 0.240volt 54¢.c. 0.256 volt 














0.2 0.140 2.0 0.240 3.8 0.240 $5 0.267 11 

0.4 0.191 2.2 0.240 4.0 0.240 5.6 0.285 18 

0.6 0.212 2.4 0.240 4.2 0.240 57 0.324 ) 39 (max.) 
0.8 0.226 2.6 0.240 4.4 0.240 58 0.354 5 

1.0 0.227 2.8 0.240 4.6 0.240 5.9 0.380 30 

12 0.228 3.0 0.240 4.8 0.240 6.0 0.402 26 

14 0.232 3.2 0.240 5.0 0.240 6.2 0.412 22 

1.6 0.236 34 0.240 5.2 0.242 6.3 0.418 10 






6.5 0.420 6 









The theoretical titre value for the formation of Hg,[Fe(CN), is 5.68c.c, of 
Hge(NOs)o, while from the maximum value of 4 £4 C it is 5.65 c. c. 
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TABLE IV 
Conc. of KgFe(CN),. = M/100 Conc. of Hgeo(NOs)e = ¥/4.12 
Vol. of potassium ferrocyanide taken=10 c. c. (curve 2). 

Hg.(NOs) Hg, (NO,) a Hg.(NO;), — 
ite 2 Eobs. sdded. 2 Eobs. AE/AC. do The Eobs. AE AC. 
0.0 c. ¢, 0.135 volt 1.0 c. ¢. 0.172 volt 1.6 c. ¢. 0.309 ) 

0.3 11 0.175 1. 0.4055  % (max) 
05 0.166 1.2 0.176 18 0.432 96 
0.7 0.172 1.3 0.181 5 1.9 0.443 27 
0.8 0.172 1.4 0,192 11 2.0 0.448 11 
1.5 0.211 19 2.2 0.451 5 


The theoretical titre value for the formation of Hg4gFe(CN), is 1.648 c. c. of 
Hge(NOs)o, while the maximum value of A Z)A C is obtained at 1.65 c. c. (curve 2). 
TABLE V 


Summary of results of potentiometric titrations. 
Titre values calc. & observed for the 
formation of Hg,Fe(CN)g. 


K,Fe(CN)<g. Hge(NOs)¢. Calc. Max. A E/AC. 
Direction titration. 
M/20 M/7.1 7.04 c. c. 6.95 c. ¢. 
M130 M/14.2 5.28 5.20 
Reverse titration. 
M/50 M/7.1 5.68 5.65 
M/100 M/4.21 1.648 1.65 


DISCUSSION 

The potentiometric titration curves, both in the direct and the reverse titrations, 
yield only one break corresponding to the formation and complete precipitation of 
only one compound Hg,g[Fe(CN).,] where the molecular ratio of the reactants 

[Hgo(NOs)o and K,gFe(CN),] is 2:1. The possibility of a stable compound having 
the composition KgHg[Fe(CN,)] which may be supposed to have been formed during 
the reaction, is ruled out on the basis of potentiometric results. 

From Table V, it will be evident that the observed equivalence points (obtained 
from curves or from the maximum value of A E/ 4 C) closely correspond to thosecalculated 
for the formation of Hg4!Fe(CN),]. It is to be noted that the observed titre values are 
very slightly lower than the calculated ones. Kolthoff and Furmann (loc. czt.) and 
Muller and Takagami (Z. anal. Chem., 1928, 78, 284) also observed that in precipita- 
tion reactions the maximum leap did not occur at the theoretical point of equivalence. 
The slight discrepancy between the theoretical and the observed titre values may be 
due to the adsorption of Hg(ous) and Fe(CN).**ions by the precipitated compound. 

The titration gives very accurate results and the method may be recommended 
for the quantitative determination of mercurous solutions. From the potentiometric 
titrations it can be concluded that the composition of mercurous ferrocyanide is best 
expressed by the formula Hg,[Fe(CN)g]. 

Grateful thanks are due to Dr. A. K. Bhattacharya, D.Sc. of Agra College for 
his keen interest in this investigation. 


CHEMICAL LABORATORIES, 
Hereert Coituece, Koran (RasastHay). Received September 10, 1953. 














AC. 


ax.) 








dian Chem. Soc., Vol. 31. No. 2, 1954] 





[Jour. 





SEARCH FOR NEW INSECTICIDES. PART VIII 
By A. B. Sen anv S. S. PARMAR 


The preparation of five p-chlorobenzyl ethers of 2-alkylcarvacrols have been described and the 
results of the bioassay of the insecticidal activity of these and several o-chlorobenzyl and allyl ethers of 
o-acyl-p-bromophenols have been recorded. 

In continuation of our work on this subject (Sen and Parmar, this Journai, 1953, 
30, 59, 801) five g-chlorobenzyl ethers of 2-alkylcarvacrols (Sen and Parmar, zézd., 
1953, 30, 61) have been prepared which are expected to possess insecticidal activity 
due to the presence of a neurotoxic haloaryl group and an ether linkage (cf. Tien-Chin- 
Chen and Sumerford, 7, Amer. Chem. Soc., 1951, 73, 4694). In addition to this the 
insecticidal activity in these compounds may be further enhanced owing to the pre- 
sence of the halogen atom asa /ara-substituent (Stephensen and Waters, /. Chem. 
Soe., 1946, 339). 

The 2-alkylearvacrols were prepared by the Clemmensen reduction of the 
o-hydroxyketones obtained by the Fries rearrangement of the appropriate carvacryl 
esters, as described in the earlier paper (Sen and Parmar, /oc. ctt). The 2-alkylcar- 
vacrols, thus obtained, were converted into the corresponding #-chlorobenzyl ethers 
according to the method of Tien-Chin Chen and Sumerford (loc. cit.). 

The insecticidal activity of these ethers and six o-chlorobenzyl and _ six allyl 
ethers of o-acyl-g-bromophenols (Sen and Parmar, /oc. ct/.) have been determined 
exclusively against Musca nebulo, as reported by Sen and Parmar (this Journal, 1953, 
30, 801). 

It has been observed that some of the compounds: show appreciable insecti- 
cidal activity, though inferior to the standard insecticides when tested under identical 
conditions. 


ExPERIMENTAL 


Preparation of Alkylcarvacrols—The 2-alkylcarvacrols were prepared in the 
usual manner by the reduction of the acylcarvacrols with amalgamated zinc and 
hydrochloric acid (cf. Sen and Parmar, Joc. ctt.). 

p-Chlorobenzyl bromtde was prepared by the side-chain bromination of 
p-chlorotoluene with N-bromosuccinimide in the presence of a small amount (05 g.) 
of benzoyl peroxide as a catalyst (Schmid and Karrer, Helv. Chim. Acta, 1946, 29, 
573), b. p. 115°/10 mm., m.p. 48° (lit. m.p. 48.5°), yield 72.7%. 

p-Chlorobenzyl Ethers of alkylcarvacrols were prepared by following the method 
of Tien-Chin Chen and Sumerford (oc cit.). 

An equimolar mixture (0.1 4%) of KOH, dissolved in 50 c.c. of 95% ethanol, 
alkylphenol, dissolved in 10'c.c. of 95% ethanol, and #-chlorobenzyl bromide was 
refluxed on the'water-bath for 5-6 hours until KBr had ceased to separate. KBr 
was removed by filtration and the alcoholic solution was poured over chipped ice 
when the ethers separated as oils. The ethers were extracted with solwent ether and 
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the ethereal extract was washed successively with 10% NaOH solution and water. 
The ether extract was dried over anhydrous sodium sulphate and the ether removed 
by distillation. The residual oil was distilled under reduced pressure, when the 


p-chlorobenzyl ethers were obtained in yields ranging from 52to 68% They are 
recorded in Table I. 


Bioassay of the Insecticidal Actton.—The tests were carried out exclusively 


against Musca nebulo (laboratory bred and five days old) in the way as described in 
Part VII (doc. ctz,), 


TABLE I 


p-Chlorobenzy] ether. 


No. 6-Methyl-alkylphenols, Mol. formula. 
B. P. Yield. % Carbon. % Hydrogen. 
Found. Calc. Found. Calc. 
1, 2-n-Propyl-3-isopropyl 142°/10mm. 54.60% C,,H,,OCl 75.51 75.81 7,76 7.90 
2. 3-isoPropyl-2-n-butyl 154°/8 56.10 C.s,H,g,OCl 7583 76.25 8.06 8.18 
3. 3-ésoPropyl-2-n-amyl  159°/9 68.64 CegH.,OCl 76.30 76.63 8.12 8.42 
4. 3-isoPropyl-2 n-heptyl 149°/6 65.26 Ce,Hs,0Cl 76.87 77.31 8.53 8,86 
5.  3-isoPropyl-2-n-octyl 178°/12 52.21 C,,H;,0Cl 77.31 77.60 8.93 9.06 
TABLE II 
p-Chlorobenzy]l ether of Biological test. 2- 0-Chlorobenzyloxy- Biological test. 
6-methyl-alkylphenol. 50% K.D. 100% K. D. 5-bromo-ketones. 50% K.D. 100% K. D. 
(min.). (mijn.). (min.). (min.). 
2-n-Propyl-3-isopropyl 43 > 120. - Acetophenone 18 38 
2-dsoPropyl-2-n-buty! No. K. D. for 120 mins. -Propiophenone 32 48 
3-ic0Propyl-2-n-amy] 66 > 120. -Butyrophenone No. K. D. for 60 mins. 
3-isoPropyl-2n-heptyl No. K. D. for 120 mins - Valerophenone No. K. D. for 120 mins. 
3-isoPropyl-2-n-octyl 40 76 -Caprophenone 47 78 
-Heptophenone 59 > 120. 
2- Allyloxy-5-bromo-ketones. 
-Acetophenone 40 85 - Valerophenone 27 67 
-Propiophenone 53 96 -Caprophenone No K. D. for 120 mins. 
- Burytophenone 67 116 -Heptophenone 25 45 


The authors wish to thank Giegy Insecticides Limited, Bombay for kindly 
carrying out the insecticidal activity of the compounds described in this paper. 


CHEMICAL LABORATORIES, Received August 10, 1953. 
Lucknow UNIVERSITY, 
Lucknow. 
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a INTERFACIAL TENSION AND COMPLEX FORMATION. PART IIL 
mes THE SYSTEM CdI,—KI—H0 
ire By Miss Hemuata J. Kazt ano C, M. Desalr 


Determination of interfacial tension values of a series of mixed solutions of potassium and cadmium 
iodide with n-butyl and isoamy! acetates indicates the formation of complexes Cd[,. KI and Cdl,. 2 KL 
Transport number measurements (Hittorf, Ann. Phys., 1859, 106, 573; Jahn, 
Z. physthkal. Chem., 1901, 37, 673) indicated the existence of the complex ion CdlIj in 
concentrated cadmium iodide solution. Mcbain (7. Zilektrochem., 1905, 11, 215; /. 
Phys. Chem., 1931, 34, 999) correlated the transport, conductivity and freezing point 
data and concluded the probable existence of CdIs ion. When KI is added to Cdl. 
solution, the formation of a complex ion can be expected. Mcbain, Van Rysselberghe 
and Squance (7. Phys. Chem., 1931, 35, 1006) have assumed the presence of CdI3 ion. 
Riley and Gallaphent ( 7. Chem. Soc., 1932, 522) concluded the presence of both CdIj 
and CdIqz ions. Job (Ann. chim, 1928, 9, 135) by a spectrophotometric method 
and Bourion and Rouyer (zé7d., 1930, 13. 477) by boiling point method, however, 
obtained no evidence for CdlI3 ion, finding only CdIgion. The results of Battes and 
Vosburgh ( 7. Amer. Chem. Soc., 1938, 60, 139) do not serve to distinguish between 
complex anions CdI3 and Cdlj. 
In the present work the interfacial tension measurements of the mixed solutions 
of cadmium iodide and potassium iodide with m-butyl and zsoamyl acetates have been 
carried out to ascertain the nature of molecular species formed between these salts. 





EXPERIMENTAL 


Three series of mixed solutions of both the salts of standard quality were pre- 
pared by the method of monovariation. (I). A requisite volume of cadmium iodide 
(M140) was added to a measured volume (24 c.c.) of potassium iodide (44/40) in a 100 c.c. 
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measuring flask and the total volume made up to 100 c.c. by addition of distilled water. 
Similarly, the series (II) was prepared with M/400-potassium iodide, 
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(III). A requisite volume of potassium iodide (44/25) was added to 20c.c. of 
cadmium iodide (4/25) and the total volume made up to 100 c.c. ina flask. The details 
as regards the composition of the mixed solutions and the corresponding interfacial 
tension values are shown in Figs. 1-3. 

The curves in Figs. 2 & 3 indicate two peaks at places corresponding to 12 and 24 c.c. 
of cadmium iodide solution. Since 24 c.c. of potassium iodide solution are present in 
each case, the above peaks represent the formation of compounds in which the 








Fic. 2 

we (a) Cal,. 2m 
.* + 
a3 . b (b) CdI,. I 
o 8 
73 
o 
& 12-5} 

a 
a 
e 3 
a 4 
“ log 

rt i i 4‘ 4 
1 rT) “36 rT) rT) 
C.C. of M/40 CdI, added to 24 C.C. M/40 EI 
Fic, 3 

\Sor 
; ° (a) Cal,. EI 
= 2 (b) Cal,.2 mz 
°o 8 a 
. b 
> tts 
S . 
Bs FE Pin \ 
-« & 
et 
a 
pe 10-oF 








10 Zo 30 io $e 
C.C. of M/25 KI added to 20 C.c, M/25 Cdl, 


stoichiometric ratios between potassium iodide and cadmium iodide are 2:1 and 1:1 
respectively. Thus, two complexes, viz.2 KI-CdI, and KL-CdIg are formed in the 
mixed solution. Alternatively, in the third series, (III) corresponding to 20 c.c. of cad- 
mium iodide solution, peaks of interfacial tension values have been obtained at 20 c.c. 
and 40 c.c. of potassium iodide solution when its concentration was varied, indicating 
the presence of complexes CdIz. KI and Cdlp.2 KI. Thus, there is evidence for the 
formation of both the complex ions CdIg{ and CdI3, when potassium iodide is 
added to cadmium iodide solution. 


CHEMISTRY DEPARTMENT, 
M. T. B. Cottece, Surat. Received October 3, 1953. 
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INTERFACIAL TENSION AND COMPLEX FORMATION. PART IV. | 
THE SYSTEMS: CdI,-NH,I-H2O; CdIz—-NaI—H,O; Cdlg—Lil—H:O 


By Miss Hemuata J. Kazi anp C. M. Dgsal 
The results obtained with these systems are similar to those obtained with potassium iodide system 
as regards the number of complexes formed. 
In this paper the results of measurements of interfacial tension values of a 
series of mixed solutions of cadmium iodide on the one hand and alkaline iodide 
solutions on the other, with zsoamyl acetate are reported. 


EXPERIMENTAL 
The salts used were of standard quality and recrystallised. Four stock solutions 
were prepared in distilled water as follows : M//40- cadmium iodide, M/40 each of 
Fic. | ammonium, sodium and 
lithium iodides. Three series 


(a) CdI,. 2 MH,I 
2 ° . ° 
, of mixed solutions of cadi- 


et 0) Oak g. Rs mum iodide and_ either 
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ie | method of monovariation. 
2 (I). A requisite volume of 


cadmium iodide (M/40) was 
added to a measured volume 
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(M/40) in a 100 c.c. measuring 
} =. a 5 — ws— flask and the total volume 
C.C. of M/40 Cal, added to 24 C.C. M/40 MH,T. made a ad 100 cc. by 
addition of distilled water. 
Similarly, the other two series (If & III) of mixed solutions of cadmium iodide 
with sodium or lithium ; Fic. 2 
iodide were prepared. The 
details as regards the 15-0 
composition of the mixed 
solutions and corresponding 
interfacial tension values of 
tsoamyl acetate are shown 
in Figs 1, 2 and 3. 
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in which the stoichiometric ratios between ammonium or sodium or lithium iodide on 
one hand and cadmium iodide on the other are 2: 1 and 1:1 respectively. Thus, the 
two complexes, viz. 2 MI. CdI, and MI. Cdl, are formed in each case in the mixed 
salt solutions, where M stands for either NH, or Na or Li. It appears that the for- 
mation of complex anions CdIz?- and CdI3 takes place, when alkaline iodide is 
added to cadmium iodide solution. 
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THE FRIES REACTION. THE REARRANGEMENT OF 
COUMARINYL SULPHONATES 


By Miss M. D. BHAvsaR AND R. D. DESAI 


The Fries migration of 4-methylcoumarinyl] 7-p-toluenesulphonate gave 7-hydroxy- 4-methylchloro- 
coumarin and 8-p-(& 6- p)-toluenesulphonyl-4-methyl-7-hydroxycoumarins acccording to the condi- 
tions. Similarly 4: 7-dimethylcoumarinyl p-toluenesulphcnate gave 4:7-dimethyl-6-p-toluenesulphony!- 
5-hydroxycoumarin. 


The Fries migration of various coumarinyl acetates and benzoates has been 
extensively studied by various workers, but that of coumarinyl sulphonates has not 
been studied at all. The German patent 532403 granted to Rittler claimed the 
Fries migration of phenyl-f-toluenesulphonate to #-hydroxyphenyl-f-tolylsulphone 
and of phenylnapthalene-2-sulphonate to #-hydroxyphenyl-2-naphthylsulphone in 
presence of aluminium chloride. The migration of p-cresyl-f-toluenesulphonate to 
p-cresyl-f-toluenesulphone in the presence of zinc chloride was claimed by him. Simons, 
Archer and Randall (/. Amer. Chem. Soc., 1940, 62, 485) carried out the Fries 
migration of g-cresylbenzenesulphonate to 2-hydroxy-4-methyldiphenylsulphone using 
hydrogen fluoride. 


The migration of 4-methylcoumarinyl 7-4-toluenesulphonate took place at 
160° in presence of three moles of aluminium chloride ; zinc chloride did not prove 
eftective, while the use of nitrobenzene as the solvent improved the yield. In absence 
of the solvent a good quantity of a by-product (Cy9H;Os3Cl, m.p. 270°), which was 
the monochloro derivative of 7-hydroxy-4-methylcoumarin, was obtained. The 
other product (m.p. 224°), which was obtained in a small amount, was 7-hydroxy-8-/- 
toluenesulphonyl-4-methylcoumarin, as it underwent alkaline hydrolysis to 
2 : 6-dihydroxyphenyl-4-tolylsulphone by elimination of the pyrone ring. When the 
reaction was carried out in nitrobenzene solution, the mixture of 7-hydroxy-6-/- 
and-8-4-toluenesulphonyl-4-methylcoumarins was obtained in the proportion of 2: 1. 
This is in striking contrast with the Fries migration of 7-acetoxy-4-methylcoumarin 
which gave mainly 8-acetyl derivative, while the isomeric 6-acetyl derivative was 
formed in a small amount. 


The Fries migration of 4: 7-dimethyl-5-coumarinyl /-toluenesulphonate gave 
4: 7-dimethyl-6--toluenesulphonyl-5-hydroxycoumarin either in presence or absence 
of nitrobenzene, but the yield of the reaction product was much improved in the 
former case. The Fries migration of 4-methyl-6-coumarinyl #-toluenesulphonate 
did not take place either in the presence or absence of nitrobenzene, and this had 
happened also in the case of 6-acetoxy-4-methylcoumarin(Desai and Mavani, 
Proc. Ind. Acad. Sct., 1942, 15A, 11 ; 1947, 25A, 327). 
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ExPERIMENTAL 


Fries Migraticn of 4-Methylccumarinyl 7-p-Toluenesulphonate (in absence of the 
solvent)—An intimate mixture of the coumarin-g-toluenesulphonate (66 g., 1 1) 
and anhydrous aluminium chloride (8g. 34/) was heated in a round bottom flask 
in an oil-bath, initially heated to 120°, raised to 170° during 14 hours. 
Copious fumes of HCl were evolved. The heating was continued for further 
24 hours maintaining the temperature at 165°—170°. The cooled mass was decomposed 
with ice-cold dilute HCI and the resulting solid was dissolved in 0.5% NaOH solution. 
The product obtained on acidification of the alkaline solution with HCl (conc.) 
was further purified through 1%NaHCO; solution, which dissolved most of it, 
leaving some insoluble blackish mass which was rejected. The bicarbonate-soluble 
product was recovered by acidifying the solution with HCl (yield 22¢g.). The 
crude product softened at 100° and melted indefinitely at 210°—220°. It was purified 
by treatment with benzene which dissolved readily one of the components (0.7 g.), 
leaving the rest as insoluble (1.5 g.). The insoluble product crystallised from 
alcohol in colorless, flat needles, m.p. 270°. It was free from sulphur and contained 
chlorine. It is soluble in alcohol, acetic acid, ethyl acetate and acetone with blue 
fluorescence. It gave no colour reaction with ferric chloride and its solution in 
sodium hydroxide as well as sodium bicarbonate showed intense blue fluorescence. It 
is 7-hydroxy-4-methylchlorocoumarin, but the position of the chlorine atom is 
uncertain. (Found: C, 57.0; H, 3.3; Cl, 166. C,5H,;Os3Cl requires C, 588; H, 4.0; 
Cl, 16.9 per cent). 


The benzene-soluble product crystallised from the same solvent or dilute alcohol 
in needles, m.p. 224°. It is soluble in alkali and bicarbonate with intense violet 
fluorescence, while its solutions in alcohol, acetone, ethyl acetate and acetic acid give 
a bluish violet fluorescence. It is free from chlorine, but contains sulphur, and is 
proved to be 4-methyl-7-hydroxy-8-s-toluenesulphonylcoumarin. (Found :-C, 61.6; 
H, 4.5. C,7H,40;S requires C,618 ; H, 4.2 per cent). 


The methyl ether crystallised from dilute alcohol in colorless needles, m.p. 256. 
(Found : C, 628; H,5.0. C;sH1,05S requires C, 62.8 ; H, 4.6 per cent). 


Hydrolysts of 4-Methyl-7-hydroxy-8-p-toluenesulphonylcoumarin to p-Tolyl-2 : 6- 
dthydroxysulphone—The above coumarin (0.5 4.) was refluxed with 50% KOH 
solution (25 c.c.) for 12 hours. The cooled, deep green solution was acidified with 

HCI (conc.) and crystallised from dilute alcohol in small, colorless needles, 
m.p. 161°. Its alcoholic solution did not give any coloration with ferric chloride. It is 
insoluble in sodium bicarbonate solution but dissolves in dilute alkali with a slight 
bluish green fluorescence. It underwent Pechmann condensation with ethyl acetoac- 
etate affording 4-methyl-7-hydroxy-8-f-toluenesulphonylcoumarin. (Found: CC, 
58.8 ; H, 4.7. C13H1204S requires C, 59.1; H, 4.5 per cent). 


Fries Migration of 4-Methylcoumarinyl 7-p-Toluenesulphonate in presence of 
Nitrobenzene—The coumarin sulphonate (6.6g., 141/) was added to a solution of 
anhydrous aluminium chloride (8.0 g. 34/) in dry nitrobenzene (50 c.c.) and the 















169 





THE FRIES REACTION 


solution was heated in an oil-bath at 160° for 4 hour when copious fumes of HCl 
were evolved. The temperature was slowly ‘raised to 200° during 2 hours, and the 
































f the cooled solution was treated with ice-cold HCI. After removal of the nitrobenzene 
1 i) in steam, the dark coloured product was filtered off, and purified successively 
flask through 0.5ZNaOH and 1%ZNaHCOs solutions (yield 3.0 g.). It was a mixture of two 
ours. products as it melted indefinitely at 200°-220°. The separation was readily effected 
rther by the treatment with benzene which dissolved one of: the components. The 
josed benzene-tnsoluble product (2.0 g.) crystallised from dilute alcohol in colorless flat 
_— needles, m.p. 251-52°. Its solutions in alcohol, ethyl acetate, acetone and dilute 
onc.) alkali gave an intense bluish violet fluorescence, while it gave negative ferric chloride 
f it, test. As the pyrone ring could not be eliminated by alkaline hydrolysis, it must be 
~* the 6-p-/oluenesulphyonyl-7-hydroxy-4-methylcoumarin, (Found ; C, 613; H, 4.0. 
= Ci7Hi405S requires C, 61.8; H, 4.2 per cent). 

ified The methyl ether crystallised from dilute alcohol in colorless plates, m.p. 261- 


| 


8), 62°. (Found: C, 62.6; H, 45. C;3H,.0;S requires C, 62.8; H, 4.6 per cent). 


“ec The benzene-soluble product (1.0 g.)-‘crystallised from dilute alcohol in flat 
a needles, m.p. 224°, undepressed by 4-methyl-7-hydroxy-8-#--toluenesulphonylcoumarin 
*° described above. 

It Fries Migration of 4: 7-Dimethylcoumarinyl 5-p-Toluenesulphonite and 
is Formation of ‘4: 7-Dimethyl-6-p-toluenesulphonyl-5-hydroxycoumarin.—An intimate 
4.0 ; mixture of the coumarin sulphonate (3.4g., 1 4) and anhydrous aluminium chloride 

(4 g., 3-42) "was heated at 160° for 1 hour, and for further 2 hours at 200°. On: working 
hol up the product as usual, and after purifying it through 0.5% NaOH ‘solution, itiwas 
let obtained as a brown mass (yield 23 g.). £ When the reaction was carried out in‘nitro- 
"ed benzene solution, using the same amount of the reactantsand at the same temperature, 
i is the yield was 29g. It crystallised from alcohol in colorless needles and from acetic 
6; acid in colorless plates, m.p. 244°. It gave a negative colour test with ferric chloride 


while its solutions in dilute alkali, alcohol, acetone and concentrated sulphuric acid 
ies gave a greenish yellow fluorescence. The product was recovered unchanged after 
6. boiling with alkali solution. (Found: C, 63.1; H, 45. CysH;,O0;sS requires C, 
62.8; H, 4.6 per cent). 


mf The methyl ether crystallised from dilute‘alcohol in colorless flat needles, m.p. 
179°. (Found: C, 64.0. H, 5.1. Cy9H1s05S requires C, 63.7; H, 5.0 per cent). 


th : ; 
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VISCOCITY AND APPARENT MOLAL VOLUME OF AQUEOUS 
SOLUTIONS OF AMMONIUM CHLORIDE AND 
AMMONIUM BROMIDE AT 35° 


By P. K.-Das 


Viscocity and specific gravity of aqueous solutions of ammonium chloride and ammonium 
bromide were measured at 35°. With respect to viscocity Jones and Doles’ equation is obeyed and the 
experimental value of ‘A’ agrees well with that obtained from the Falkenhagen and Vernon's equation. 
For NH,C1: ‘A’ (exp.)= 0.0052, ‘A’ ‘(com.) =0,0051, and that for NH,Br : ‘A’(exp).=0.0051, ‘4'(com,) 
= 0.0050. The apparent molal volume has been computed from the measured specific gravity and the 
‘oncentration of the solutions with the help of the Redlich’s equation. The apparent molal volume (¢) is 
best represented by ¢ (NH,Cl) =36.73+12¥ O—0.0120 and @ (NH,Br) =44.25+084,/0—0.025 ©. 


No data on the viscocity and density of aqueous solutions of ammonium 
bromide have been found in literature. Jones and Talley’s work (7. Amer. Chem. Soc.. 
1933, 55, 424) on the viscocity of ammonium chloride solutions does not indicate the 
extent of accuracy of their density measurements. Hence, the above two salts, namely, 
ammonium chloride and ammonium bromide, were chosen for investigation. 


ExPEKERIMENTAL 


Merck's ‘G. R." samples were recrystallised from conductivity water three times, 
finally washed with alcohol and ether, dried and stored in vacuum. A stock solution 
was made by weight in triple distilled conductivity water. Other solutions were 
made by diluting the stock solution. In all these operations callibrated vessels were 
used and all weights were reduced to vacuum standard by making the necessary 
buoyancy correction. Temperature at 35° was controlled by an electronic relay and 
fluctuations in temperature were less than+0.005°. Differential specific gravity 
measurements (Panda and Prasad, this /ourna/, 1952, 29, 907) using two 12U c.c. 
pyknometers were made to an accuracy of four in a million. 


Two Ostwald viscometers, so designed that no kinetic and surface tension 


corrections became necessary, were used and the time 01 efflu: of water in each of 
them was nearly 28 minutes.’ The viscometers were mo». ' side by side within 
the thermostat and the ratio of the time of efflux ater the two viscometers 
was determined. As long as the mounting was reproducible, this ratio did not alter 
and could be reproduced with an accuracy of 5 in 100.000. Toe time of efflux of 
water in the viscometer containing the solution was urately with the 


help of this ratio. 

Three readings, each in case of pure water and solution, were taken and the 
times of efflux never differing from one another by 0.10 second were chosen. Other 
experimental procedure was same as that given by Srinivasan and Prasad (77amns. 
Faraday Soc., 1938, 34, 1139.) Specific gravity and viscocity were calculated as usual 
and are shown in Table I 














Conc. 


0.0005 
0.0008 
0.0010 


0.0020 
0.C040 
0.0060 


0.0080 
0.0100 
0.0250 


0.0500 
0.0750 
0.1000 


0.1500 
0 2000 
0.2500 


The apparent molal volume is given by the equation 


o= 1000 (Po —p) +M 
C Po Po 


NH,Cl. 


TABLE I 


7 = 1+0.0052,/C +0.0020. 


Sp. gr. 


1.000008 
1,000013 
1.000017 


1.000033 
1.000067 
1.000100 


1.000133 
10.0167 
1.000415 


1.000825 
1.001233 
1.001639 


1.002446 
1.003247 
1.004013 


a (obs.). - (com.). 


1,00012 
1,00015 
1.00017 


1.00024 
1.00034 
1.0004 2 


1.00048 
1,00054 
1.00087 


1 00126 
1.00157 
1.00184 


1.00231 
1.00273 
1,00309 


1.09012 
1.00015 
1.00017 


1.00023 
1.00033 
1.00041 


1.00048 
1.00053 
1.00086 


1 00125 
1.00156 
1.00183 


1.00229 
1,00274 
1.00307 


Conc. 


0.0005 
0.0008 
0.0010 


0.0020 
0.0040 
0.0060 


0.0080 
0.0100 
0.0250 


0.0500 
0.0750 
0.1000 


0.1500 
0.2000 
0.2500 


DiIscUSSION 


and this on combination with the equation 


b-b+AVCHBC 


VISCOCITY AND APPARENT MOLAL VOLUME 


> 


NH,Br. 


Sp. gr. 


1,000027 
1,000043 
1.000054 


1.000107 
1.000215 
1.000322 


1.000429 
1.000536 
1.001339 


1.092676 
1.004011 
1.005345 


.008008 
1.010668 
1.013324 


¢ =1+0.0051,/0 +0.00320. 


1 (obs.). 
7, 


1,00012 
1.00015 
1.00017 


1.00023 
1,00034 
1.00041 


1,00048 
1.00054 
1.00089 


1.00130 
1.0)164 
1.00193 


1 00246 
1.00292 
1 00335 


7 (com.). 


> 


1.00012 
1.00015 
1.00017 


1.00023 
1.00033 
1,00041 


1,00048 
1:00054 
1.00088 
1.00129 
1.00163 
1.00192 


1.00244 
1.00290 
1.00333 


derived by Redlich (Zz. phystkal. Chem., 1931, A155, 65; /. Amer. Chem. Soc. 1942, 
64, 738) on the basis of the D-hve and Hiickel inter-ionic attraction theory yields an 


expression 


solution. 


1000 (.S 


( 


= 
ao 


* c-("-$.)- BC 


where // is the molecular weight of the solute, C is the concentration in g. moles per 
litre. Po =density (grams per litre) of water at 35° and ‘S is the specific gravity of the 


Different plots were obtained by plotting ‘C’ against 





1000 (.S—1) 
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+ AJC 
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for various assigned values of ‘A’ and from the best line the value of ‘A’, ‘B 
M . 
and = ~ te ) were obtained. The apparent molal volume can be obtained from the 


following relation :— 
¢ (NH,Cl) = 36.734+1.2./C-0.012.C. 
@ (NH,Br) = 44.25+0.84./ C—0.025.C. 


. e . ° . 
It is of interest to note that the value of ‘A’ is not the same in case of the two 
salts examined. 


With respect to the viscocity of the solutions of the two electrolytes 
studied, the Jones and Dole’s equation (/. Amer. Chem. Soc., 1929, 51, 2950) 


. -1+A. J/C+BC 


is applicable. The experimental values of ‘A’ and ‘BS’ were obtained by plotting 


“7” : ; : ae 7 3 
~ - 1) | /C against C, the slope giving ‘3’ and the ordinate ‘A’, and the theoretical 
° 


value of ‘A’ was calculated with the help of Falkenhagen and Vernon's eqution 
(Phil. Mag., 1932, 14, 537). They are as follows. 


Salt. A (exp.). A (com.). B. 
NH,Cl 0.0052 0.0051 0.0020 
NH,Br 0.0051 0.0050 0.0032 


It is evident that the agreement between the experimental and the theoretical 
value of ‘A’ is very good and the value of ‘7 is positive. This is i» contrast to the 
observation of Jones and Talley (/oc. czt.) for the value of ‘A’ being negative in case 
of ammonium chloride. 


Mayursuany CuemMicaAL Laporarory, Received September 12, 1953. 
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STEROID SAPOGENINS FROM INDIAN DIOSCOREA PLANTS. PART I 


By A. K. Barua, (Mrs.) D. CHAKRAVARTI AND R. N. CHAKRAVARTI 


Eight different species of Indian Dioscorea plants have been examined for the presence of saponin. 
It has been possible to isolate diosgenin from two of them after hydrolysis of the saponin. Yield of 
diosgenin has been found to be 2.1% in the case of D. praxeri, which appears to be one of the richest 
source for this steroid sapogenin. This is extremely important in view of the fact that diosgenin is a 
valuable starting material for the preparation of cortisone and other steroid hormones. 


Diosgenin, the most common sapogenin of the yams of Dioscorea plants, 
is being used now-a-days not only for the preparation of cortisone but also for the 
preparation of various sex hormones. It was originally isolated from Dvuoscorea 
tokoro Makino by Fujii and Matsukawa ( 7. Pharm. Soc. Japan, 1936, 56, 408; cf. 
Honda, Arch. Exptl. Path. Pharmakol., 1904, 51, 221). 


More recently Marker ef al. (/J. Amer. Chem. Soc., 1947, 69, 2167, 2373 et seq) 
carried out an exhaustive investigation on the sapogenins of various Mexican 
plants, and isolated a number of steroid sapogenins including diosgenin and estab- 
lished their interrelationships. Sapogenins having an oxygen function at the 1ll-or 
12-position, e.g., hecogenin (12-keto), appeared to be good starting materials for the 
preparation of cortisone (Djerassi, Ringold and Rosenkranz, rzd., 1951, 73, 5513). 
Methods have now been evolved for the introduction of an oxygen function at the 
1l-position of the steroid nucleus in a single step by means of common moulds of 
the order Mucorales (Peterson and Murray, 242¢., 1952, 74, 1871), and this develop- 
ment has made diosgenin a more useful starting material than hecogenin for the 
preparation of cortisone. 


The genus Dizoscorea belongs to the N. O. Dioscoreaceae. The Dioscorea 
plants are climbers, which have been divided into two sub-groups—those species 
which twine to the right and those which twine tothe left. A number of them 
have prickly stems. The tubers (yams) of these plants vary from species to species 
as regards size, shape, appearance and number of tubers per plant. Generally the 
tubers are soft like potatoes with white flesh but some are fibrous in character with 
profuse hairy roots over the skin, while there are a few having very hard woody 
tubers. Bulbils are common but there are some in which these have not been 
observed. Some of the yams are edible, while others are not because of poisonous 
constituents. The edible ones are used more or less as substitutes for potatoes. 
Even the inedible ones are in some cases made edible after treatment for removal 
of the poisonous constituents. The method commonly employed for this purpose 
is to boil the yams in thin slices with plenty of water and removing the aqueous 
portion. Some of the inedible yams are used (1) as insecticides e.g. for removing 
lice from hairs, (2) as fish poisons and (3) for washing purposes, specially wool and 
silk. A few of the yams are used in the Indian indigenous system of medicine to 
remove swelling and also as diuretic. 


12 
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The present investigation for the isolation of steroid sapogenins from the yams 
of Indian Dioscorea plants has been taken up with the object of finding out a rich 
source of diosgenin or any other steroid sapogenin suitable for the preparation of 
steroid hormones, particularly cortisone. At least thirty different species of these 
plants grow in different parts of India, both in the hot and cold regions. as also in 
the plains and on the hills. The yams were collected fresh. For identification, the 
various specimens were allowed to sprout by keeping in a damp place for a long 
time. After proper botanical identification of the plants, each lot of yams was 
weighed and cut into small pieces. The loss in weight in drying in air was noted 
and the dried mass was powdered ina mill. Systematic examination for saponins 
was carried out by the method of fractional extraction of the moisture-free drug 
successively with petroleum ether (b. p. 40°-60°), ether, chloroform, ethyl acetate, 
and alcohol (90%), when a number of fractions were obtained. Each individual 
fraction was then tested for the presence of any saponin. This was carried out 
mainly by two methods : 


(1) The specimen (50 mg.) was shaken vigorously with 50 c.c. of water. Saponins 
under these conditions produce lather with water with characteristic honey-comb 
structure. Unlike proteins, the saponins produce lather even when the solutions is hot. 


(2) A solution of 50-250 mg. of the specimen in a litre of water was 
prepared. It was added dropwise to gold fish (Carassius auratus) in a two litre 
jar of water, five fishes being used at a time. In the presence of saponin in 
toxic doses the activity of the fish diminishes and it becomes difficult for the fish 
to maintain equilibrium due to which they turn round and gradually die (cf. 
Krishnaswamy and Seshadri, Proc. Ind. Acad. Sct., 1942, 61A, 231). 


In the present instance, work on the sapogenins of the yams of D. alaia, 
D. glabra, D. esculenta, D. oppositifolia, D. wallichtt, D. pubera, D. prazeri 
and D. pentaphylla was carried out. 


D. alata—It isa climber twining to the right. The yams are locally known 
as kham alu, chupri alu, etc. These are edible and grow in various odd shapes. 
Weight usually varies from 10 to 40 pounds but sometimes the weight of a single 
yam reaches 100 pounds or over. One yam usually grows foreach plant. The 
fresh yams contain about 82% of moisture. In the fractional solvent extraction 
only the alcoholic fraction showed the presence of saponin in small amounts. 


D. glabra.—It is aclimber twining to the right. The yams are edible and 
locally known as sora alu. The yams are about 50 cm. in length and 4 cm. in 
diameter ; 1—2 yams usually grow per plant. The fresh yams appeared to contain 66.5% 
of moisture. Fractional extraction of the dried powdered yams was carried out when 
only the alcoholic fraction was found to contain saponin in negligible amounts. 


D. esculenta—It is a climber twining to the left with prickly green stems and 
alternate leaves. The yams are locally known as man alu and are 12—16 cm, long. 
Yams. grow in bunch per plant. The fresh yams appeared to contain 57.5% of 
moisture. In the fractional solvent extraction both the ethyl acetate and the 
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alcoholic fractions were found to contain saponin. The air-dried powdered yams 
were extracted with alcohol and on hydrolysis of the saponin fraction the product 
was obtained in a fine crystalline form, m.p. 197°, identical with diosgenin. 


D. opposttifolia.—It is a climber twining to the right. Tubers are usually single 
with reddish earth-coloured skin and soft white flesh. Fresh yams appeared to 
contain 55% of moisture. Examination of the various fractions obtained on 
systematic solvent extraction of the dried powdered yams revealed the absence of any 
saponin. 

D. wallichu.—tit is a climber twining to the right. Tubers generally descend 
deep into the soil, a metre or more long. The skin is brown with numerous rootlets. 
Fresh yams appeared to contain 64% of moisture. Systematic solvent extraction 
of the dried powdered yams was carried out. Only the alcoholic fraction appeared 
to contain traces of saponin. 


D. pubera.—lit isa climber twining to the right. Usually one or two tubers 
grow per plant. The tubers penetrate deep into the soil, often up totwo metres 
with a diameter, 3 to 8 cm. The flesh is yellow in colour. In Orissa it is 
known as asa alu. Fresh yams appeared to contain 78.8% of moisture. Examination 
of the fractions of systematic solvent extraction of the dried powdered yams showed 
the absence of any saponin. 


D. prazeri—It is a climber twining to the left. The rhizomes are short and 
stout, creeping horizontally at the depth of a few cm. beneath the surface of 
the soil and branching freely. The branches are usually 5 to 10 cm. long and 1.5 to2 
cm. thick with abundant feeding roots scattered over the surface. The skin is 
brown to black in colour and the flesh is cream coloured. It is said to be poisonous. 
It is often used by the Lepchas for washing hair to remove lice. It is also used as 
a fish poison. It is called ‘kencheong’ by the Lepchas and ‘kukur torul (dog's yam) 
by the hill tribes. 


The alcoholic fraction appeared to contain considerable amounts of saponin. 
The dried powdered yams were extracted with alcohol and on working up for the 
isolation of sapogenins, as described in the experimental, a crystalline product 
was obtained, m.p. 204-206", found to be identical with diosgenin. 

D. pentaphylla—it is a climber twining to the left. Tubers are invariably 
single but the shape varies in different varieties. The flesh is pale cream coloured 
or lemon-yellow. Leaves are alternate, 3-5 foliate. Fresh yams appeared to contain 
about 70% of moisture. Examination of the fractions obtained on extraction of the 
dried yams with different solvents showed the absence of any saponin. 


ExPERIMENTAL 


Fractional Extraction with various Solvenis—The air-dried powdered yams 
of different varieties were extracted with petroleum ether ( b.p. 40°-60°), ether, 
chloroform, ethyl acetate and alcohol (90%). The solvent of each fraction was 
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evaporated and the residual products tested for the presence of saponin. The 


Percentages of the solvent-free extracts from different solvents are shown in 
Table I. 


TABLE I 

¢ 3 é g ae 

& g 5 E $ 3 > e 3 

E Si idbood ay BS Ts ee ee. 

a rs Ss rs ss gs « S aid 
Pet.ether ... 0.28 0.83 0.92 053 0.63 0.69 0.85 0.91 
Ether ws 0.20 0.49 1.19 0.55 0.35 1.05 2.31 0.35 
CHCl, 3S 2.53 1.09 0.32 0.37 0.31 0.93 0.24 
EtAc ww. 0.28 2.34 454 1.12 2.11 1.13 7.63 1.18 
FtOH -. 085 481 2.87 2.91 4.28 4.65 9.51 1.51 

Total 297% 11.05% 10.61% 5.48% 7.74% 783% 21.23% 4.19% 


D.alita—Only the alcoholic fraction gave indication for the presence of 
small amounts of saponin. The air-dried powdered material (255 g.) was extracted 
with boiling alcohol (90%) in an all-glass Soxhlet extractor for 24 hours. The 
extract was evaporated almost to dryness under reduced pressure and the residue 
was washed repeatedly with ether, 50 cc. ata time. The ether-insoluble residue 
(2.53 g.) was dissolved in 150 c.c. of alcohol (€0%) and 30 c.c. of HCl (conc.). It 
was refluxed for 7 hours and the alcohol evaporated ona water-bath, keeping the 
volume constant by addition of water. It was filtered and both the filtrate and the 
residue were extracted with ether. The combined ether extract was washed 
several times with 1% NaOH solution (100 c.c. in all) and then with water and 
evaporated to dryness when a brownish gummy product (0.11 g.) was obtained. It 
was dissolved in benzene and chromatographed over aluminium oxide using benzene 
as the eluting solvent when a minute quantity of a crystalline matter was obtained. 
This appeared to be a mixture of sapogenins. As the amount was very small 
further work was not possible, 


D. glabra-—Only the alcoholic fraction appeared to contain negligible amount of 
saponin. Further work was not carried out. 


D. esculenta—Both the ethyl acetate and the alcohol fractions showed the 
presence of saponin, the amount present in the former being negligible. 


The air-dried powdered material (2C0 g.) was exhaustively extracted with 
boiling alcohol (90%) in an all-glass Soxhlet extractor for 24 hours. The extract was 
evaporated almost to dryness under reduced pressure and the residue was washed 
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repeatedly with ether, 100 c.c. at atime. The ether-insoluble residue (25. g.) was 
dissolved in 300 c.c. of alcohol (90%) and 60 c.c. of HCl (conc.). It was then refluxed 
for 4 hours. The alcohol was evaporated on a water-bath keeping the volume 
constant by addition of water. It was then’filtered and the residue was dried and 
extracted with ether in a Soxhlet. The ether extract was washed several times with 
1% NaOH solution (150 c.c. in all) and then with water. The ether extract on 
evaporation gave a yellowish gummy product which:crystallised from methyl alcohol 
in colorless needles (05 .), m.p. 197°; [«]p,—128°3 (CHCI,). No depression in 
melting point was noticed when it was mixed’ with an authentic sample of diosgenin. 
(Found: C, 78.0, 784; H, 100, 102 Calc. for, Ce:;H.2Os: C, 782; H, 101 
per cent). 


The acetate was prepared by gently refluxing the above product (0.1 g.) with 
freshly distilled acetic anhydride (0.25 c.c.) for half an hour. It was then cooled to 
room temperature when colorless needle-shaped crystals of the acetate were obtained 
in almost quantitative yield. It was purified by crystallisation from absolute alcohol, 
m.p. 190-91°. The product was found to be identical with an authentic specimen of 
diosgenin acetate (mixed m.p.). (Found : C, 75.9; H, 9.4. Cale. for CopH440x : C, 
76.3; H, 9.6 per cent). 


The benzoate was prepared by dissolving the sapogenin (0.5 .) in 10 c.c. of 
pyridine. The solution was cooled in ice and a few drops of benzoyl chloride were 
added with constant shaking and then left overnight. It was poured into 100 cc 
of 10% HCl and filtered. The residue was washed with dilute HCl and water. The 
dry product was then crystallised from absolute alcohol when diosgenin benzoate was 
obtained in colorless needles, m.p. 236-37° (mixed m.p. with an authentic 
specimen). (Found: C, 787, 78.7; H, 868.6. Calc. for Cs,H4eO4: C, 78.7; H, 89 
per cent). 


D. oppositifolia—None of the fractions appeared to contain any saponin. 


D. wallichit—Only the alcoholic fraction appeared to contain saponin in traces. 
As the amount appeared to be very small further work was not carried out. 


D. pubera—None of the fractions appeared to contain any saponin. 


D. prazert.—The alcoholic extract appeared to be rich in saponin. The ethyl 
acetate extract also appeared to contain saponin but in small amount only. 


The air-dried powdered material (1600 g.) was exhaustively extracted with 
boiling alcohol (90%) in an all-glass Soxhlet extractor for 48 hours. The extract was 
evaporated almost to dryness under reduced pressure and the residue washed 
repeatedly with ether, 400 c.c. at a time. The ether-insoluble residue was then 
dissolved in 2.5 litres of alcohol (90%) and 500 c.c. of HCI (conc.) and refluxed on the 
water-bath for 5 hours. The alcohol was evaporated on the water-bath keeping the 
volume constant by addition of water. It was then cooled and filtered. The residue 
was dried, powdered and thoroughly extracted in a Soxhlet with ether. The ether 
extract was washed repeatedly with 14 NaOH solution (1500 c.c. in all) till free from 
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acids and then with water. The ethereal solution was concentrated to a small 
volume (about 500 c.c.) and left overnight. It was filtered and the product which 
was light yellow in colour was washed with some ether. The product after washing 
was almost white (37.3 g.). This was further purified by crystallisation from absolute 
alcohol when diosgenin separated out in colorless needles, yield 33.6 g., m.p. 204-206" 
(mixed m.p. with an authentic specimen of diosgenin) ; [a]p,-129° (CHCI;). (Found : 
C, 78.6; 783; H, 9.9, 10.1. Calc. for CozH4203: C, 782; H, 10.1 per cent). 


The acetate was prepared by heating the above product with acetic anhydride as 
described under D. esculenta. It crystallises from absolute alcohol in colorless 
needles, m.p. 194-95° (mixed m.p. with an authentic specimen of diosgenin acetate). 
(Found : C, 76.02, 76.4; H, 9.6, 9.6. Calc. for CosH4,4O,: C, 76.3; H, 96 per cent). 
The demzoate was prepared by using benzoyl chloride and pyridine as described 
under D. esculenta. It crystallises from absolute alcohol in colorless needles, 
m.p. 236-37° (mixed m.p. with an authentic specimen of diosgenin benzoate). 
(Found: C, 78.6, 788; H, 88, 88. Calc. for Cs3,4H,.O, : C, 787; H, 89 per cent). 


D. pentaphylla—None of the fractions appeared to contain any saponin. 


The work was carried out in connection with the ‘Enquiry on Dioscoreaceae’ 
under the Indian Council of Medical Research. Thanks are due to Dr. K. P. Biswas, 
Superintendent, and Dr. S. K. Mukherjee, Curator of Herbarium, Indian Botanic 
Garden, Calcutta, for identification of the plants and to Prof. Carl Djerassi, Wayne 
University, U.S.A., and Syntex S. A., Mexico, for authentic specimens of a number of 
sapogenins, 


DEPARTMENTS OF CHEMISTRY, 
ScHoou oF TropicaL MEDICINE, Received June 26, 1953 
AND Betnune Coiiege, Cacurta. 
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A NOTE ON TAUTOMERISM OF THIOCARBAMIDE AND MONO- 
PHENYLTHIOCARBAMIDE : REACTION WITH 
AQUEOUS ALKALI 


By R. D. Gupta 


The potentiometric titrations of aqueous solutions of thiocarbamide and 
monophenylthiocarbamide against aqueous alkali (Gupta and Jha, this Journal, 1950, 
27, 497) show that only 2% in each case is titratable, z.c., 987% is present in non-acidic 
form. 


Such a behaviour of these compounds suggests the'possibility of the presence of 
the following two forms in equilibrium : 


H,N-C-NH:, 2 HsN-C-NH 
ll 


S SH 
(1) (II) 
Ph. HN-C-—NHe = aeneaiiies’y NH 
I 
S SH 
(T) dID 


The acidic form (II), during neutralisation with alkali, should be progressively 
formed at the expense of form (I). Hence, more and more alkali and not merely 2% 
will be consumed, unless the change of (I) to (II) be too slow to permit titration (cf. 
behaviour of mesityloxide-oxalic ester, Knorr and Schubert, Ber., 1911, 44, 2772). 


The present work is undertaken, primarily to study the conversion of (I) into 
(II), in presence of alkali in aqueous solutions of monophenylthiocarbamide and 
other allied compounds at room temperature (22°-25°). The change is followed by 
titrating the acid (form II) generated against standard aqueous alkali. 


The results of these studies confirm the view that urea, thiocarbamide and 
monophenylthiocarbamide in aqueous solutions exist in two types of molecules (I) 
and (ID in equilibrium. The passage of non-acidic (1) to acidic form (II) is found 
to be very slow. (In case of monophenylthiocarbamide, when alkali is added in stages, 
form II rose from 0.435% to 1.423% after a lapse of four weeks; or when alkali is added 
in one Jot acid form II increased to 33.10% from 0.435% in a similar period.) 
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The formation of acidic form (II) from form (I), in case of carbamide and 
thiocarbamide, on accumulation of anions 


NHe O)~* 
Y 
C=N 


NH,-C 
X 
N- NH 

is suppressed considerably due to setting up of another equilibrium between acidic 
from (II) and its anions (cf. sodium acetate and acetic acid), thus permitting form (I) 
to predominate. 
JNA JN 
\ 2H* + HeN-C 

OH 


NH 


H.N-C 


a 
HeN-C\ 


2H + HeN-C 


SH 


CuemicaL LaBorarorigs, Received April 10, 1952. 
Birnia Cotiege, Pian. 











(Jour. Indian Chem. Soc., Vol. 31, No. 3, 1954] 


PRESIDENTIAL ADDRESS: DIAMAGNETISM AND MOLECULAR 
STRUCTURE * , 


By Dr. Mata Prasap, D.Sc., F.N.I., F.R.1-C. 


Colleague Fellows of the Society : 


The Indian Chemical Society comp!etes today thirty years of its existence. During 
all these years the Society has strived hard in not only providing Indian Chemists 
with a Journal for their research publications, but also in raising their status 
in the International Chemical World. It is gratifying to note that the number of the 
Fellowship of the Society is gradually increasing; while in 1924 there were only rot 
Fellows, today we have 664. This is an happy augury and indicative of the interest 
which the young generation is taking in the activities of the Society. 

The vastness of India makes it difficult to convey the message of the Society to 
every part of the country from a central office. The required advantage of the co-opera- 
tion of the Fellows of the Society can be gained only by establishing Branches of the 
Society in different parts of India. This is quite easy to achieve, since according to the 
Rules of the Society a Branch can be established in any town other than Calcutta 
if the number of Fellows of the Society in that town is 20 or more. At present only 
one Branch of the Society at Bombay is workivg. From the available figures of the 
Fellowships I find that Branches of the Society can be started at Bangalore, Delhi, 
Lucknow, Madras, Patna and Poona, and with some effort at Banaras and Hyderabad. 
I have already appealed to the trusted friends of the Society to take a lead in this 
direction, and hope that before we meet again mext year, Branches of the Society at 
some of these places will be working in full swing, and will thereby add to the progress 
and the prosperity of the Parent Body. 

It is gratifying to note that the Indian Chemical Society is publishing the History 
of Hindu Chemistry. This book which was written by Acharya Prafulla Chandra Ray 
has now been considerably revised by Professor Priyadaranjan Ray. The publication 
of this revised book by the Society as its first Memorial Volume is a fitting tribute to 
the Founder and the First President of the Society. 

The greatest difficulty which at present faces the Society is the paucity of funds. 
On this account we are unable to improve the get-up of the Journal, and in spite of our 
best efforts cannot bring out the publication regularly every month, and hence we are 
not able to serve as best as we should. Chemistry interests not only the scientific 
workers in University Laboratories and Scientific‘Institutions, but also the manufacturers 
and business-men equally. There is every reason for the Society to expect financial 
aid from the Chemical Concerns. I hope my appeal to them for financial aid will meet 
with success. 1 request my Fellow Colleagues also to help the Society in stabilizing 


its financial position. 


* Delivered at the 30th Annual General Meeting of the Society, held on Jan. 4, 1954 at Hyderabad, 
Deccan. 
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DIAMAGNETISM AND MOLECULAR STRUCTURE 


During the last fifty years diamagnetism in relation to molecular structure has 
attracted the attention of chemists all over the world with the result that many papers 
on the subject have been published in several well known scientific journals. The task 
of reviewing all this work is neither quite easy nor really necessary. ‘The subject of 
magnetism in all its relation to chemistry has been discussed in the most able manner 
by Dr. S. S. Bhatnagar' in his Presidential Address to the Chemistry Section of the 
Indian Science Congress in 1939, and several reviews, notably by Angus’, Eugen 
Miller’, Klemm‘ and Pacault* have been published in subsequent years. I therefore 
propose to restrict myself only to a few problems in which important progress has been 
made in recent years. Some of these also happen to be the problems which have been 
of special interest to me for the last few years. 

The foundation of the theory of diamagnetism was laid by Langevin*® in 1905. 
Using classical treatment he showed that diamagnetism is a universal property of all 
matter as it arises from the “‘Precession’’ of the orbital motion of electrons in presence 
of an external magnetic field. Langevin has theoretically deduced an expression accord- 
ing to which the diamagnetic susceptibility per gram atom is given by 





2 
x=- Ne ie wee = x 
6mc” 


This expression is of fundamental importance as it satisfactorily explains the 
experimental data obtained a few years earlier by Curie, namely, that dimaguctic sus- 
ceptibility is independent of temperature, and also showed for the first time that dia- 
magnetism is a function of =f*, the mean square radii of all electronic orbits in an atom. 
Langevin’s treatment is strictly applicable to mononuclear systems, such as free atoms, 
but is generally extended to molecules. 

The modern quantum theory and the quantum mechanics have considerably modified 
the theory of diamagnetism. ‘The outstanding contribution in this direction is that 
of Van Vleck"* who has shown that the susceptibility of atoms in the ’S state may be 
written in the following form: 
x, = Xatxp cae eos eee (iz) 
The term Xa is the Langevin’s expression (i) and xp» is a paramagnetic term indepen- 
dent of temperature and arises from the reasonance between the ground and higher 
energy states of the electrons in an atom. Since the second term is usually small, the 
gram atomic susceptibility is approximately given by Langevin’s expression (i). 

Pauling’, Slater*, Angus’ and Hartree-Storer’® have evolved different methods for 
the calculation of =7’, and hence, have calculated the diamagnetic susceptibilities of atoms 
and ions from Langevin'’s expression. The vajues calculated by these methods differ 
widely from one another. The simplest way of testing these theoretical calculations 
is to compare the calculated values for the susceptibilities of ions with those experi- 
mentally obtained fron purely ionic salts. The problem of ionic susceptibilities has 
been reviewed recently by Prasad and Kanekar’’ and Myers'*. It emerges out clearly 
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from these publications that it is not possible to assess the reliabilities of any of these 
methods of calculation from the available experimental data. The theoretical values 
are for free atoms and ions. The state of an ion in a solid compound is evidently 
different from that of the free ion, since the electron density distribution is considerably 
modified by the neighbouring ions; for instance, the greater the coulomb forces between 
the two ions and smaller the co-ordination number, the smaller would be its effective 
radius, and hence, its susceptibility. This means that the theoretical value for the sus- 


ceptibility of an ion must differ toa certain extent from its actual susceptibility in its 
ionic compounds. The formation of a covalent bond between atoms modifies the electron 


density distribution to «a very considerable extent, and hence, susceptibilities of 
atoms in combination will also be considerably different from those of free atoms. 


MoLAR DIAMAGNETISM 


The above mentioned considerations show that the diamagnetism of molecules is 
considerably affected by the enviroment of the constituent atoms and the bonds existing 
between them. The quantum mechanical expression deduced by Van Vleck for mole- 
cules is similar to equation (ii); in this case the xp term can become quite significant. 
The molecule is diamagnetic or feebly paramagnetic depending on whether the value 
of xp is smaller or greater than that of xa, for example, KMnO, exhibits a feeble para- 
magnetisin which does not vary with temperature, because Xp» predominates over xa. 
Since the xp term is always positive, the extention of Langevin's equation to molecules 
gives an upper limiting value for the molar diamagnetism; nevertheless, the fact that 
reasonable estimates of orbital radii can be obtained for simple molecules from Lang- 
evin’s formula has led Bhatnagar and Mathur’ to infer that most often the xp term is 
very small. 

Theoretical calculations of the diamagnetic susceptibility of molecules are in a 
rudimentary state. Van Vleck’s calculations for hydrogen m_lecule’* have no doubt 
yielded excellent results, bu! his treatment cannot be easily extended to more compli- 
cated systems. In molecules having a spherical symmetry, calculations are somewhat 
less difficult, since the xp term usually vanishes on account of symmetry, and hence, 
the diamagnetic susceptibility can be calculated by the evaluation of =?*. Attempts 
to calculate the diamaguetism of methane molecule in this manner have yielded highly 
discouraging results. Buckingham, Massey and Tibbs’® have used the self-consistent 
field method of Hartree’® for calculating the susceptibility of methane molecule and 
obtained a value of 33.2 (all values expressed in c.g.s. units of -1x107~*), Alternate 
calculations made by Coulson’ by the molecular orbital and electron pair methods have 
yielded slightly lower values (26.6 and 27.7), but none of them agree, even approxi- 
mately, with the observed value (12.2, Bitter™*). The discrepancy between theory and 
experiment is due to the lack of knowledge of reliable wave functions. Indeed, the dia- 
magnetic susceptibility depends immediately upon the wave function, and hence, the 
various types of approximation employed in calculating the latter may beltested by a com- 
parison of the predicted susceptibilities with the observed values. 


‘Tai Yuan Yang’® has theoretically calculated the molar diamagnetism of covalent 
substances from an entirely novel standpoint. Yang assumes that the electrons shared 
by two atoms move in certain orbits under the influence of their centres of force and 
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form an electron group in such a way as to render the atoms sharing these electrons 
positively charged. Considering that the shared electrons form a separate group which 
can be represented as an ion (6) with two negative charges, Yang treats the whole 
molecule to be made up of positive and negative ions. On this consideration the Xm of 
water is written as 
; Xm = 12.96 = 2xn*! + Xo” + 2X8. 
Using Angus’ values for positively charged ions (Xo*?=3.21, xu'' =0) Yang arrives at 
the value of the susceptibility of shared electron pair X@ = 4.88 ; this value is then used 
for the calculation of the susceptibilities of a number of organic compounds. The pro- 
cedure used by Yang gives to the covalent bond an extraordinary meaning and enables 
the structures of molecules of covalent compounds to be explained in the same manner 
as the electrovalent compounds. ‘The agreement between the calculated and the experi- 
mental values is no doubt remarkable; yet his procedure does not appear to be wholly 
beyond reproach, since the diamaguetism of the shared electron pair is obtained from the 
susceptibility of water which is considered to be purely covalent. This assumption is not 
quite true, since the O—H bonds in water have some ionic character. Further, in these 
calculations the possibility that the diamagnetism of water must be considerably affected 
by association due to hydrogen bonding has been ignored completely. Also Yang’s 
method cannot account for the difference in the susceptibilities of the organic isomerides. 
The quantum mechanical calculation of molar diamagnetism appears to be a very 
promising field in which further work is really necessary. Such calculations will go a 
long way in making diamagnetism an effective tool for the determination of molecular 
structure. At present the structural information from diamagnetism has been obtained 
only by the use of purely empirical or semi-empirical methods, such as those of Pascal 
and Gray and Cruickshank. 


DIAMAGNETISM OF MOLECULAR COMPOUNDS 


From purely experimental data for a large number of organic compounds Pascal*° 
observed that the molar diamagnetism is an additive and constitutive property, that 
is, the molar susceptibility ‘X,,) of a compound is represented by the relation, 

Xm = Naxa + Nbxp ..... +A a4 ... (iii) 
where Na, Nb... are the number of atoms a, b... whose susceptibilities are xa, x» . 
respectively, and A is the constitutive correction constant whose value depends on the 
nature of the bonds in the molecule. This law is the basis of all the structural studies 
employing diamagnetism. 

Examination of Pascal's additivity rule in the case of several molecular compounds 
has led to very interesting results. It is apparent that strict additivity will hold only 
if the molecular combination does not involve any deformation cf the electronic orbits 
of the constituent molecules ; the deviations from additivity would thus give an insight 
into the nature of the bond between the combining molecules. 


(a) Hydrates 


Several workers have studied the diamagnetism of hydrated salts from the afore- 
said point of view. Duchemin’’ hus found that although the monohydrate of MgSO, is a 
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complex, the susceptibilities of the dia- and hepta-hydrates follow the additivity rule. 
Ziemens and Hedvall** concluded from the study of Na,CO,.10H,O and alum that the 
water of crystallisation did influence the susceptibility of the hydrate ‘these results 
were contradicted in a later communication). Raychaudhuri** and Gray «nd Birse** 
found that hydrate formation in the case of several compounds involved a loss in dia- 
magnetism. Recently the problem of hydrated salts has been studied in great detail by 
Prasad and co-workers®* and in many cases the results obtained by the study of diamagne- 
tism have been correlated with those deduced from other physical data, such as crystal 
structure, heat of hydration and molar volume. 

I propose to dilate on these results in view of their several interesting features. 
It has been found that, as a rule, the hydrates do not obey the additivity law. In 
several hydrates of the same salt, the departure from additivity is greatest in the hydrate 
containing the least number of molecules of water of crystallisation, and it tends to 
decrease as the number of molecules of water of crystallisation increases. These results 
indicate that the binding of molecules of water with the ions of the anhydrous salt is 
quite strong in hydrates containing the smallest number of water molecules and it is 
considerably weakened as more and more molecules of water get attached to the an- 
hydrous salt. The effect of hydration on the diamagnetic susceptibility appears to be 
two-fold: the linkages of water molecules tend to increase the xp term in Van Vleck’s 
equation, thereby causing a decrease in diamagnetism; at the same time, a part of the 
strain on the anhydrous salt is relieved as a_ result of hydration, thereby causing an 
increase in the radius of the ion, and hence, an increase in its susceptibility. These two 
factors act in opposite directions, and hence, depending on whether the second or the 
first factor is more predominent, the susceptibility of water deduced from the difference 
in the molar diamaguetism of hydrated and anhydrous salts would be either higher or 
lower than the normal diamagnetism of water. 


The study of the diamagnetism of hydrated sulphates and borates has yielded very 
fruitful results regarding their structures, that is, the position of water molecules in these 
hydrates. The available data (other than the magnetic one) on hydrates led Sidgwick*® 
to conclude that although the hydration of anions is on the whole uncommon, it does 
occur in certain cases, chiefly the sulphate ions. The occurrence of hydrated sulphates 
with odd number of water molecules, such as LiSO,. H,O, Na,SO,. 7H,O, the hepta- 
hydrates of sulphates of bivalent Mg, Zn, Co, Ni, Mn, Cr, V and Cd, and enneahydrates 
of sulphates of trivalent Al, Zn, Fe, Co and La, and the pentahydrate of copper 
sulphate, led Sidgwick to infer that in these hydrates at least one of the water molecules 
is attached to the sulphate ion and forms the following ring-like structure : 


The crystal structure of only a few hydrated sulphates is known. The structure 
of NiSO,. 7H,0, determined by Beevers and Lipson’’, indicates that six water molecules 
surround Ni ion octahedrally, while the remaining seventh molecule makes only one and 
not two contacts with the sulphate ion, as would be expected from Sidgwick’s views, 
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the other end of this water molecule being attached to the water co-ordinated to the cation. 
Other heptahydrated sulphates may probably have similar structures. Gypsum is found to 
have a layer structure in which water molecules make contact with Ca** ion on the one 
hand and on the other with oxygen atoms of the two sulphate ions situated in adjacent 
layers. Thus, although the crystal structure data do not substantiate Sidgwick’s view 
it fully, lends definite support to the view that sulphate ion is hydrated. ‘The thermal data 
of Hilsmann and Biltz** for the dihydrate of sulphuric acid are in favour of the formula 
(H,;O) HSO,.H,O over a certain range of temperature, indicating probably that one 
molecule of water is attached to the sulphate ion. However, nuclear magnetic resonance 
spectrum of this hydrate, studied by Smith and Richards”, strongly favours the oxonium 
structure (H,;O),SO,, although the evidence adduced does not conclusively reject the 
other possible structure. ‘There is thus evidence both for and against the hydration of 
the sulphate ion. 

The diamagnetic data obtained by Biradar*® on the hydrates of Mg and Zn sulphates 
are interesting from this point of view. In the monohydrates of MgSO, and ZnSO, 
the sulphate ion is probably hydrated, since the values (59, 8 and 68.1) of molar 
susceptibilities calculated for these substances for the structure, 

Feta, a O...H 

7 

Mg or Zn | »s y »o 

oa O O...H a 
are in fair agreement with the observed values (60.8 and 63.3, respectively). Once 
the sulphate ion is hydrated, the additional number of water molecules required 
to form heptahydrates get attached to the cation. This hydration, being of electrostatic 
nature, does not produce large departures in diamagnetism from the additivity rule. 


In this manner the cationic water can be distinguished from the anionic one. 
The evidence of anionic hydration is also found in the case of CaSO,. 2H,O and 


CaSO,.4H,0. The susceptibility of CaSO,.2H,O suggests the structure 
ee O O...H—O—H “ed 
| 
Ca | » S 4 
Ss 
LL. «® O...H-O—H 


This is in conformity with the crystal structure data as well as with the results on nuclear 





resonance absorption. 

The molar volume of water in lower hydrates of hydrated sulphates is about ro c.c, 
while that in higher hydrates is about 14.66 c.c. ‘This indicates that the lower hydrates 
(anionic hydration) is stronger than in higher ones ‘catiouic hydration). 


Like the sulphate ion, the polyborate ions can be hydrated. In this case also the 
evidence obtained from physical data is not quite conclusive. Anhydrous borate ion 
contains a large number of double bonds; the fact that polyborates can be dehydrated in 
a stepwise fashion led Menzel™’ to conclude that some water molecules saturate the 

OH 
double bonds in the anion, (O=B-—! group being replaced by — . On this 
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consideration formulae for the hydrated polyborates have been proposed by Menzel, 
Wiberg*? and Hahn**. However, the crystal structure of the tetrahydrate of potassium 
pentaborate, deterinined by Zachariasen**, does not support anion hydration but indicates 
the existence of an oxonium structure of the type (H,;O), H,B,0,,). ‘The study of nuclear 
magnetic resonance spectrum of the hydrate contradicts Zachariasen’s conclusions and 
suggests that the tetrahydrate exists in the form of K (H,B;0,,). 2H,O which indicates 
that at least two molecules of water are incorporated in the borate ion. The magnetic data 
on a number of hydrates of polyborates obtained by Prasad, Kanekar and Miss Kamat*® 
can be explained on the assumption that the first few water molecules are attached. to 
the polyborate ion ; this relieves the unsturation and thereby brings about an increase 
in the radius of the ion. ‘The susceptibility of the borate ion in the hydrated salt is 
therefore much greater than that in the anhydrous one. As the anion gets further satura- 
ted, the unsaturation is further relieved, but for obvious reasons this does not cause pro- 
portional increase in the susceptibility of the ion. When the anion is completely satura- 
ted, the additional water molecules, if any, in the salt get attached to the cation. ‘Thus, 
six molecules of water in the decahydrate of Na,B,O,; and one molecule in the penta- 
hydrate of NaB,O, are probably attached to the alkali ion. It is found that cationic 
hydration in polyborates does not cause a large departure from additivity, probably 
because the linkages are electrostatic like those found for cationic water in heptahydrates 
of MgSO, and ZnSO,. 

The heat of hydration gives a measure of the binding of water molecules with the 
ions of anhydrous salts. This measure is not exact, since the crystal structures of the 
hydrated and anhydrous salts are often different and the data for heat of hydration 
include the difference in the crystal energies of the two salts. Fowever, a certain 
amount of correlation between these data and the diamagnetism of hydrates is expected. 
The earlier work of Raychaudhuri indicated that the departure from the additivity rule 
was generally large for those hydrates whose !:eats of hydration were large. Although 
this generalisation has not been found to be quite true, Prasad and co-workers** 
have shown that for several hydrates of the same salt the heats of hydration per molecule 
of water decrease in the same manner as the deviation per molecule in molar susceptibi- 
lity from the additivity rule. This establishes correlation between the two quantities. 
The data for heats of hydration for sulphates also indicate that the heat of hydration 
per molecule of water for hydrates in which water is probably attached to the sulphate 
ion is much larger than that for those in which water is attached to cations. 

The magnetic properties of diamagnetic ammines (other than the typical Werner 
complexes) indicate a close analogy between these and the hydrated salts. 


(b) Double Salts 


Double salts form another important group of molecular compounds, A few 
measurements on the Raman spectra, temperature variation of dielectric constants, and 
X-ray analysis of some of these compounds are available, but until recently the dia- 
magnetic properties of double salts have not been studied systematically with a view to 
understanding the nature of forces which hold the constituent molecules in these salts. 
The work of Katti, Khopkar and Khanolkar *’ shows that the molar susceptibility of 
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a double salt is always higher than the sum of the susceptibilities of the constituents. 
This increase may be due to an increase in the radius of the anions in these salts 
produced as a result of their distortion in the polarising field of two positively charged 
ions. In double sulphates of Mg, Zn, Cd and Hg, the polarisation of the sulphate 
ion increases with increasing polarising action of the bivalent alkaline earth ions in the 
series. This is in conformity with Fajan’s rule. An interesting feature of double salts 
is that many of them crystallise out with a definite number of molecules of water of 
crystallisation. The role of water in these compounds is very important, since the 
removal of water from these salts, say by heating, causes a crumbling of their crystal 
lattice. The diamagnetic data tend to favour the view that in these hydrated double 
salts water molecules are attached to both the cations and the anions. This conclusion is 
supported by the values of heats of hydration per molecule, which are intermediate 
between those generally observed for anionic and cationic hydrations. 


{c) Organic Molecular Compounds 


Although organic molecular compounds have found many applications in organic 
chemistry, the study of the structure of these compounds is comparatively of recent 
origin. Werner** first attempted the solution of this problem. A number of workers*® 
following Werner studied the physical properties of some cf these compounds but 
they were not successful in finding satisfactorily the nature of the binding of the cons- 
tituents in these compounds. Various types of linkages, such as ionic, covalent and 
and even weak van der Waal’s forces, have been suggested to operate in these com- 
pounds. The magnetic properties of some of these compounds have been studied by 
Bhatnagar and co-workers*® and Singh and co-workers*’. The former suggested the 
existence of a co-ordinate link between the constituents, while the latter conclude that 
in a molecular compound some particular resonance structure of the individual parent 
molecules, out of the several possible ones, gets stabilised. Recently Katti, Khopkar 
and Khanolkar**? have measured the magnetic susceptibilities of picrates of a few hydro- 
carbons and phenols, and have found that the observed molar susceptibility of the 
molecular compound is as a rule higher than that calculated from the diamagnetism of 
the constituents on the additivity basis. These ,esults rule out the possibility of a 
covalent link between the constituents as the formation of such a type of boud would 
increase the xp term of Van Vleck’s expression and would produce a fall in diamagnetism 
of the molecule. The diamagnetic data of the picrates appear to be best explained on 
the assumption that in the molecular compounds the components have resultant positive 
and negative charges, and therefore the normal molecule is made up of resonance struc- 
tures which are different from those of the simple parent constituents which are pro- 
bably uncharged. The components are held by forces similar to those in ionic crystals. 
The fields of the positive and negative charges would cause, respectively, softening 
and hardening of the electron cloud of the molecule as suggested by Weiss and Krén- 
berger**; the softening would give rise to an increase, and hardening a decrease in the 
diamagnetism on the formation of the molecular compound. The observed increase 
in diamagnetism on the formation of picrates from hydrocarbons and phenols thus 
indicates the preponderant effect due to the softening of the electron cloud. 
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Pasca’s MetHop 


Pascal’s data of atomic susceptibility and constitutive correction constants have been 
largely used for determining the constitution of organic compounds, since these constants 
have been found to be fairly accurate by several investigators. The reliability of these 
data obviously depends on the accuracy of the experimental values of molar susceptibili- 
ties from which they are deduced. It should therefore be necessary to recalculate 
Pascal’s constants as and when more accurate values of molar susceptibilities of substances 
become available. Recent work of Broersma** indicates this need. 

A critical examination of Pascal’s data shows that such a re-examination. is 
highly desirable. Pascal’s choice of substances used for the evaluation of these cons- 
tants was obviously limited by their availability. Consequently we find that very 
often Pascal used for his calculations the susceptibilities of compounds of varied types 
which are far from being simple from the point of view of their structures, and in so 
doing he apparently neglected the influence of the other groups in their molecules. 
Hence, the average values for the groups obtained by him are not quite satisfactory 
since they fail to give useful information about the detailed structures of molecules. 


As an illustration, Pascal determined the values of %<1 — X, from the following subs- 
tances: 
TABLE I 
Compounds. Xm. (xcl — Xu). 
I. CH;.C00.C,Hs 
17.8 
2. CH;.CO.CH, ai 
179 
CH,CI.CO.CH; 53.0 . 
3. CeHe 57-4 . 
53:5 — 17.83 
CsH;Cl; 110.9 


It is evident that the value of (X-: — Xx) obtained from the first two sets of substan- 
ces would include the effects due to the presence of C = O group in the molecules, while 
that obtained from the third set would be inclusive of the effects due to = electrons in the 
benzene ring. 

* An accurate determination of the susceptibility of CH, group in different homo- 
logous series is of fundamental importance for the calculation of Pascal's constants 
for carbon and hydrogen. French and Trew*’ found the constancy of Xonz 
to be most marked in relatively simple homologous series, such as open chain 
monocarboxylic acids and their esters, simple aldehydes, ketones and alcohols, but for 
more complex compounds this increment was not regular. Further, in the same series, 
the increment in susceptibility due to CH, group appears to be constant only in higher 
members, but for lower members its susceptibility is considerably affected by the 
presence of the end groups. Even when the value of CH, increment is constant for 
different members of the same series, the absolute values of XcH, obtained by several 
workers for different homologous series differ widely. The data summarised in Table II 
bring out this point clearly. 


2—1851P—3. 
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TABLE II 


Investigators. XCHg. Series studied. 


Pascal” 11.46 Primary alcohols, aldehydes, ketones, acids, alipha- 
tic and aromatic amines, esters, ethers and 
sulphur compounds. 


Bhatnagar and Mitra‘® 11.68 Alcohols, acids, hydrocarbons, aliphatic and 
aromatic aldehydes, ketones, esters, halogen 
derivatives, acetylenic compounds and com- 
pounds containing nitrogen. 


Cabrera and Fahlenbrach*?” 11.48 Alcohols. 

Woodbridge 11.67 Acetic acid and alky] acetates. 

Gray and Cruickshank" 11 87 Organic nitrates, nitrites and nitro compounds. 

Farquharson and Sastri®® 11.64 Normal aliphatic acids 

Angus and Hill*! 11.68 Alcohols, acids, esters, aromatic hydrocarbons. 

Bhatnagar, Mitra and Tuli®? 11.36 Aliphatic alcohols, acids, esters and aromatic 

hydrocarbons. 

Broersma‘4 11.36 Hydrocarbons, alcohols and acids. 

Prasad and co-workers 11.1 to Alkali and alkaline earth salts of aliphatic 
Ir5 monobasic acids. 


It is evident that the value of Xcn, is diagnostic of the structure of the whole mole- 
cule, that is, it can give an interesting insight into the molecular structure. French 
and Trew have worked on these lines and have shown that in the substituted ethyl 
malonates and ethyl acetoacetates the values of XcwH, is largely influenced by the 
proportion of the tautomeric structures in these esters. A similar study** on substitut- 
ed pyridine compounds has revealed the effect of resonance structures on the suscepti- 
bility of CH,. Recently Deshpande*’ has deduced the values of XcH, from several 
anisole and phenitole compounds and a number of phenyl and benzyl compounds of 
mercury. The values obtained from the second set of compounds are considerably 
lower than those deduced from the first series and appear to reflect the difference in 
the hybridised state of carbon atom in the phenyl and benzyl compounds. 


RAY AND CRUICKSHANK’S METHO 
GRAY AND C ANK’S METHOD 


Gray and Cruickshank*® have developed an elaborate method of calculating the 
diamagnetism of compounds on a semi-empirical basis. This method is generally con- 
sidered to be a distinct improvement over Pascal’s method as it enables one to 
distinguish more precisely among several possible structures and can be effectively 
used for the study of substances involving resonance. ‘The method is certainly a pro- 
mising tooi in the hands of magnetochemists, especially for understanding the nature 
of the multiple bonds, and has been extensively used for this purpose by several 
workers. However, Pacault* has raised doubts about its usefulness. 

While appreciating its importance Ray and co-workers®* also doubt its universal 
applicability; this happens because they find that although the results obtained by 
this method for acetamide, cyanuric acid and dicyandiamide are in excellent agreement 
with the X-ray data, the structure of urea deduced by this method is not supported 
by the X-ray evidence. It is certainly necessary to examine the validity of this method 
systematically and critically in the case of a large number of organic compounds before 
it can be taken to be finally established. 
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Recently some work has been started at the Institute of Science, Bombay, to examine 
the truth of this method in the case of molecules which can exhibit resonance. The 
simplest systems of this type are aliphatic aldehydes and ketones in which the C=O 
group can resonate as follows: 


B~=0 R-C-O 
| 
R’ R’ [R’=H or alkyl group]. 
(I) (IT) 


The calculations tend to favour the view that C= group in aldehydes and ketones 
is a pure double bond, there being practically no contribution from the polarised structure 
to the normal state of the molecule. This conclusion is in conformity with the view 
expressed by Brooker®’ who states that the polarised structure, being unstable, would 
not make a significant contribution to the molecule. The C—O distance in formalde- 
hyde (1.21 4) and acetaldehyde (1.22%) also indicates the existence of a pure double 
bond in these compounds (the double bond distance for CO group observed in many com- 
pounds is 1.214, while the corresponding single bond distance is 1.42 &). Further, the 
force constant for C=O in formaldehyde found by Thompson and Linnet™ is 12.3 x 107°. 
The agreement of this value with that found (13.0 x 107°) for the pure double bond in 
C = O group supports the deductions from Gray and Cruickshank’s method. However, 
Pauling’s deductions** from the dipole moments of the aldehydes and ketones show that 
the C = O group has a 50% ionic character. 

The application of Gray and Cruickshank’s method to aliphatic monocarboxylic 
acids indicates that in these acids resonance occurs among the following structures: 


) 


O re 
R—C ind rc, = rc¢ 
OH O-H OH 

(1) (IT) (IIT) 


The calculations further indicate that the CO bond in the carboxyl group of these acids 
is a 50% polarised single bond. This result is in good agreement with the percentage 
double bond character calculated for CO group in formic acid dimer from the observed 
CO distance (1.29 + 0.02 A)** on the basis of Pauling’s relation". 

Recently Miss Kamat®? has examined the applicability of Gray and Cruickshank’s 
method to several benzene derivatives. She hasemployed a uniform procedure for the 
Xm of these compounds after taking into account a number of resonance structures, 
including those which account for the activation or deactivation uf nuclear positions. 
Her results show that Gray and Cruickshank’s calculations are capable of giving an 
insight into the resonance of these substituted benzenes. However, further work in 
this direction appears necessary. 

The problems reviewed in this address bring out the significance of the study of 
diamagnetism both to the organic and the inorganic chemists. Diamagnetism is attract- 
ing the attention which it rightly deserves ; however, the paucity of theoretical work 
renders th: advancem2nt of the subject rather difficult. With the fulfilment of this 
want there is little doubt that diamagnetism will solve the problem of molecular 
structures unequivocally. 
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EXPERIMENTS ON THE SYNTHESES OF FURANO COMPOUNDS. 
PART IV. SYNTHESIS OF COUMARAN-DIONES 


By J. N. CHATTERJEA 


Ethy] cyanoformate has been condensed with a few phenols to give glvoxylic acids, the orientations 
of which have been established by degradation. o-Hydroxyglyoxylic acids are best cyclised to the rela- 


ted coumaran-diones by means cf acetic anhydride. The discrepancy in the literature ragarding 6:7- 


benzocoumaran-dione has been cleared up| An unambiguous synthesis of the substance is also described. 


In an investigation (Part III, this Journal, 1954, 31, 101) coumaran-dione and its 
substituted products were required as starting materials. Quite recently, Hunsberger 
and Amstutz (J. Amer. Chem. Soc., 1948, 70, 671) have advocated the use of ethyl 
cyanoformate in the preparations of some phenylglyoxylic acids and related coumaran- 
diones. ‘This reagent, however, appears to have been first used by Fischer and co- 
workers (Ber., 1922, 55, 2390) who obtained ethyl 2: 4-dimethyl-3-carboethoxypyrryl- 
5-glyoxylate from 2:4-dimethyl-3-carboethoxypyrrole by the condensation of ethyl cyano- 
formate under the Houben-Hoesch condition. A very similar procedure was used by 
Karrer and Ferla (Heiv. Chim. Acta, 1921, 4, 203) who used cyanogen in place of ethyl 
cyanoformate and obtained, ir addition, by-products formed by reaction of both nitrile 
groups. In the present communication, ethyl cyanoformate has been condensed with 
a few phenols in the presence of anhydrous hydrogen chloride and the position of the 
ketocarboxyl group in the products determined by degradation or cyclisation. 

In an attempt to prepare 6-methoxycoumaran-dione (Fries and Saftien, Annalen, 
1925, 442, 2091) ethyl cyanoformate (D.R.P. 592, 539) was condensed with m-methoxy- 
phenol. The imine hydrochloride (I) on hydrolysis with hot water gave ethyl 2-methoxy- 
4-hydroxyphenylglyoxylate (II, R=It), the orientation of which was determined by 
hydrolysis to the acid (II, R=H), followed by oxidation with hydrogen peroxide to 
2-methoxy-4-hydroxybenzoic acid. The isomeric product (IIA, R’=Me=Et) was not 
detected in the reaction mixture even after a careful search, thus indicating that the 
CO.COOH group had entered exclusively into the para position to the hydroxy] group. 
Exactly similar result has been obtained by Knobloch and Schraufstiatter (Ber., 1948, 81, 
227) who employed cyanogen. This is noteworthy as the Houben-Hoesch condensations 
with m-methoxyphenol give either 2-hydroxy- ot a mixture of 2-hydroxy- and 2-methoxy- 
ketones (Hoesch, Ber., 1915, 48, 1122; Slater and Stephen, J. Chem. Soc., 1920, 117, 
300; Wessely et al., Monatsh., 1933, 61, 201). 
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With m-ethoxyphenol, the product, although obtained in a poor yield, on hydrolysis 
gave 2-hydroxy-4-ethoxyphenylglyoxylic acid (IV, R=H) as on oxidation this gave 
2-hydroxy-4-ethoxybenzoic acid. In contrast, Knobloch and Schraufstatter (loc. cit.) 
report that cyanogen reacts at the para position to the hydroxyl group but in the present 
case there is no indication whether the related isomeric compound is formed to any 
appreciable extent, if at all. The result was confirmed by the cyclisation of (IV, R=H) 
to 6-ethoxycoumaran-dione (V) with warm acetic anhydride. This reagent appears 
to be very useful in cyclisations of this kind and may be used as a diagonistic reagent 
for the detection of o-hydroxyarylglyoxylic acids. ‘The coumaran-dione usually separates 
trom acetic anhydride in pure condition and in excellent yield. Previous methods of 
cyclisation are ‘i) distillation (cf. Fries and Pfaffendorf, Ber., 1912, 45, 154), (ii) high 
vacuum sublimation (cf. Fries and Saftien, loc. cit.) and (iii) by treatment with phos- 
phoric anhydride in benzene (cf. Fries, Ber., 1909, 42, 234). 2-Hydroxy-4-methoxy- 
phenylglyoxylic acid (IIA, R=H, R’=Me), prepared from 2-oximino-6-methoxycoumar- 
an-3-one, gave on similar treatment with acetic anhydride 6-methoxycoumaran-dione 
(III), and furthermore, 2:4-dihydroxyphenylglyoxylic acid afforded a product which 
anaylsed as 6-acetoxycoumaran-dione. 


O 
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2:3-Dimethoxyphenol (Herzig and Pollak, Ber., 1903, 36, 660) gave with ethyl 
cyanoformate, 2-hydroxy-3:4-dimethoxyphenylglyoxylic acid (VI, R=H) which on 
similar cyclisation afforded 6:7-dimethoxycoumaran-dione (VII). In this case, the keti- 
mine salt failed to crystallise out completely; the normal product, however, was obtained 
from the ethereal solution. This is important from the viewpoint of yield and shows 
that many of the observed yields may well be increased by working up the ethereal resi- 
dues which are often discarded. p-Methoxyphenol did not undergo condensation with 
ethyl cyanoformate. 
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The related ketimine hydrochloride from $-naphthol * was hydrolysed directly 
to 4:5-benzocoumaran-dione (VIII), previously obtained by Guia and Franciscis 
(Gazzetta, 1924, 54, 509; cf. Guia, ibid., 1917, 47, 51; Staudinger et el., Helv. 
Chim, Acta, 1921, 4, 334) by the action of oxalyl chloride on 8-naphthol. Knobloch 
and Schraufstiatter (loc. cit.) claim to have obtained the isomeric 6:7-benzocoumaran-dione 


CO—CO O——CO 
| | [ O—CO 
O co | | 
yy vy “ys coc! 
WV VW WV 
(VIII) (IX) (X) 


(LX, m.p. 196°) by the action of cyanogen on xz-naphthol in presence of aluminium 
chloride and hydrogen chloride in ether. Earlier, Guia and Franciscis ‘loc. cit.) had 
prepared the same compound (IX, m.p. 146-47°) by the cyclisation of %-naphthyl- 
oxalyl chloride (X). It seemed necessary to settle this discrepancy by a straight-forward 
synthesis. ‘This was done in the following steps (cf. Fries and Frellstedt, Ber., 1921, 


54, 715): 
ar ie ee NOH 


a, COCcI OH » bo 00 
‘ «ee ‘eee \AZ 
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1-Hydroxy-2-naphthoyl chloride was converted into 6:7-benzocoumaran-3-one (cf. 
Anand and Venkataraman, Chem, Abs., 1949, 48, 3415) by way of the related diazo- 
ketone. This was followed by the preparation of 2-oximino-6:7-benzocoumaranone by 
the action of nitrous acid, and this by hydrolysis with strong hydrochloric acid afforded 
the keto-acid (XI), which on cyclisation afforded (IX, m.p. 148-49.5°) providing ample 
evidence of the correctness of the work of the Italian workers. 


* After the work was completed, the author's attention has been drawn to a recent interesting 
publication of Neill and Amstutz (J. Amer. Chem. Soc., 1951, 78, 3687) on a similar subject. 
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Knobloch and Schraufstitter’s work was therefore repeated with due care and the 
product of m.p. 196° was found to contain nitrogen, and it analysed for C,,.H;,O,N. On 
treatment with boiling water, this afforded hydrogen cyanide and 1-hydroxy-4-naphthoic 
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acid and not 1-hydroxy-2-naphthoic acid, as concluded by the authors. The compound 
is therefore 1-hydroxy-4-naphthoyl cyanide (XIII) (R.CO.CN + R.COOH+HCN), 
the formation of which by the action of cyanogen is readily understood (cf, Fischer 
et al., loc. cit.!. The bright yellow colour, as shown by the compound, is due to the 
contribution of the para-methylenequinone structure (XIII A) of the resonating mole- 
cule. 

Both the keto-acid (X1) and the related coumaran-dione (1X) give the same quin- 
oxaline derivative (XII) on condensation with o-phenylenediamine (cf. Guia and Francis- 
cis, loc. cit.). Such quinoxaline derivatives from coumaran-diones have been reported 
earlier (Fries, Ber., 1909, 42, 234). 

Ethyl cyanoformate gave with +-naphthol ethyl 1-hydroxy-4-naphthoylglyoxylate 
(XIV, R=Et) which was hydrolysed to the corresponding acid, the orientation of which 
was established by degradation to 1-hydroxy-4-naphthoic acid. 


ExPERIMENTAL 


Condensation of Ethyl Cyanofarmate with m-Methoxyphenoi.—A mixture of 
freshly distilled m-methoxyphenol ‘11.0 g.) and ethyl cyanoformate (12.5 g.) in ether 
(go c.c., stored over sodium) was saturated with dry hydrogen chloride at 5°. ‘The 
solution became gradually brown and the mixture was left overnight in a refrigerator. 
The heavy liquid layer which had separated was collected after 3 days, cautiously 
mixed with water (35c.c.) and then warmed on the water-bath for a few minutes, 
cooled and then extracted with ether (3x20 c.c.). The crystalline residue left on 
removal of tlie ether was pressed on a porous plate to remove oily impurities and then 
crystallised from water from which ethyl 2-methoxy-4-hydroxyphenyiglyoxylate (8.2 g.) 
was obtained in colorless needles, m.p. 135-36°. (Found: C, 58.5; H, 5.2. Ci,HisOs re- 
quires C, 58.9; H, 5.4 per cent). On hydrolysis with excess of potassium hydroxide (5%) 
for 10 minutes on the water-bath, 2-methoxy-4-hydroxyphenylglyoxylic acid was 
obtained on acidification which crystallised from water in nearly colorless needles, 
m. p. 198° (decomp.). (Found: C, 55.1; H, 4.2. C,H,O; requires C, 55.13 H, 4.2 
per cent). Oxidation with excess of hydrogen peroxide {10%) at 70°-80° for one hour 
afforded 2-methoxy-4-hydroxybenzoic acid together with traces of m-methoxyphenol. 
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The product crystallised from water in colorless leaflets, m. p. 188-89° (decomp.). 
(Found : C, 56.8; H, 4.8. Cale. for CsHsO,: C, 57.1; H, 4.7 percent}. The com- 
pound gave no coloration with ferric chloride. 


Condensation of Ethyl Cyanoformate with m-Ethoxyphenol.—-A mixture of m- 
ethoxyphenol (3.0 g.), ethyl cyanoformate (3.0 g.) in dry ether (20 c.c.) was saturated 
with hydrogen chloride as before. The brown layer containing the ketimine hydro- 
chloride was separated after 3 days, decomposed with warm water (10 c.c.), the oily 
layer isolated with ether and hydrolysed with dilute sodium hydroxide solution on the 
water-bath. Acidification gave a cream-coloured mass mixed with oily impurities which 
were removed on the porous plate. On crystallisation from water (charcoal ; addition 
of a few drops of concentrated hydrochloric acid facilitates crystallisation), 2-hydroxy- 
4-ethoryphenylglyoxylic acid ‘0.35 g.) was obtained in cream-coloured needles, m.p. 
180-82° with previous sintering probably due to lactonisation. (Found: C, 56.8; H, 
5.0. CyoH,.Os requires C, 57.1; H, 4.8 per cent). Oxidation with hydrogen peroxide 
gave 2-hydroxy-4-ethoxybenzoic acid crystallising from water in colorless needles, 
m.p. 153-54° (Perkin, J. Chem. Soc., 1895, 67, 995, give m.p. 152-54°). (Found: C, 
59.3; H, 5.7. Cale for C,H,.0,: C, 59.3; H, 5.5 percent). The compound gave a 
violet ferric chloride reaction. 


6-Ethoxycoumaran-dione.—The foregoing keto-acid (0.2 g.) was warmed with 
acetic anhydride or propionic anhydride (0.25 c.c.) for 4 hour on the water-bath. On 
cooling 0.13 g. of 6-ethoxycoumaran-dione had separated, crystallising from benzene- 
petroleum ether in yellow prisms, m.p. 136-37°. ‘Found: C, 62.0; H, 4.2. CioHsO, 
requires C, 62.5; H, 4.2 percent). ‘The compound decomposed with evolution of gas 
above 185° and was readily hydrated to the glyoxylic acid on exposure to moist atmos- 
phere. 


6-Methoxycoumaran-dione (cf, Fries and Saftien, loc. cit.) was obtained by the 
cyclisation of 2-hydroxy-4-methoxyphenylglyoxylic acid. ‘The latter, prepared from 
2-isonitroso-6-methoxycoumaranone, was obtained from water as a mixture of hard 
prisms and fine wooly mass which could be separated mechanically. Both the forms 
on drying had m.p. 120-21°, but curiously, when the fine wooly mass was left in contact 
with. water for a longer period, it changed completely to the stable prismatic form. 
For analysis, the dried product (prisms) was crystallised from benzene frum which it 
was obtained in cream-coloured prisms, m.p. 120-22°, (Found: C, 55.1; H, 3.5. Cale. 
for C,H,O; : C, 55.1 ; H, 4.1 per cent). 


Cyciisalion.—(a). The above ketonic acid (2.0 g.) was dissolved in anhydrous 
benzene (60 c.c.) and treated gradually with phosphorus pentoxide (16 g.) and then 
refluxed on the water-bath for 15 minutes. The mass was filtered, washed thoroughly 
with dry benzene, the yellow filtrate concentrated and the coumaran-dione precipitated 
with petroleum ether. The beautiful yellow plates (0.7-0.75 g.) were collected and 
crystallised from benzene-petroleum in yellow plates, m.p. 135-36°. (Found : C, 60.6; 
H, 3.2. Calc. for CyH,O,: C, 60.7 ; H, 3.4 per cent). 
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(b). . The ketonic acid ‘0.3 g.) was boiled with acetic anhydride (1 c.c.) for 5 
minutes and the mixture was concentrated. On cooling, the solution deposited yellow 
plates of 6-methoxycoumaran-dione (0.2 g.), m.p. and mixed m.p. 135-36°. On boiling 
with absolute methanol, this gave methyl 2-hydroxy-4-methoxyphenylgiyoxylate, crys- 
tallising from methanol in cream-coloured leaflets, m.p. 70-71°. (Found: C, 56.8; 
H, 5.0. C,.H,.O; requires C, 57.1 ; H, 4.8 per cent), 


6-Acetoxycoumaran-dione was obtained by the action of hot acetic anhydride on 
2: 4-dihydroxyphenylglyoxylic acid for to minutes. The brownish yellow mass crys- 
tallised from benzene in clusters of small brownish yellow prisms, m.p. 164-65°. (Found: 
C, 59.2; H, 2.9. CyoHeO, requires C, 58.2 ; H, 2.9 per cent). 


Condensation of Ethyl Cyanoformate with 2:3-Dimethoxyphenol.—A mixture of 
2: 3-dimethoxyphenol (1.0 g.), ethyl cyanoformate (1.3 g.) in ether (10 c.c.) was saturat- 
ed with drv hydrogen chloride as before and the brown solution left in the refrigerator 
for 4 days. ‘The smal] amount of the crystalline ketimine hydrochloride (A) was 
separated from the ethereal solution by decantation. The oily residue left after 
removal of the ether was warmed with a little water, isolated with ether and then hydro- 
lysed with sodium hydroxide (5 c.c., 10%} for 10 minutes on the water-bath, cooled 
and acidified. The solid (0.5-0.6 g.) was collected, crystallised from water (charcoal) 
(aided by the addition of a few drops of concentrated hydrochloric acid) affording 
2-hydroxy-3 :4-dimethoxyphenylglyoxyiic acid as cream coloured flat needles, m.p. 178° 
(decomp.) with previous sintering. (Found: C, 53.0; H, 4.3; OMe, 26.2. C,H yO. 
requires C, 53.1; H, 4.4; 2 OMe, 27.4 per cent). On oxidation with hydrogen 
peroxide on the water-bath this gave 2-hydroxy-3 : 4-dimethoxybenzoic acid, crystallis- 
ing from water in colorless needles, m.p. 170-72° (mixed m.p. with the keto-acid is 
154°). (Found: C, 54.4; H, 5.0. Cale. for C,HwOs: C,54.6; H, 5.0 per cent). 
On distillation with a trace of copper-bronze in vacuum, 2: 3-dimethoxyphenol was 
obtained as a colorless liquid, b. p. 233-34°/760 mm. giving a violet ferric reaction. 
This experiment shows that the ketimine hydrochloride does not separate completely 
and it may remain in ethereal solution. ‘The hydrochloride (A) on working up as 
above gave the same keto-acid (10 mg.), m. p. 178° and the identity was confirmed 
further by cyclisation to 6 :7-dimethoxycoumaran-dione, as shown below. 


6:7-Dimethoxycoumaran-dione,—Cyclisation with P,0O; was d'fficult due to the 
limited solubility of the keto-acid in benzene. ‘The product obtained by this procedure 
was found to contain an appreciable amount of unchanged product. A better proce- 
dure is as follows: A mixture of the acid (8.0 g.) and acetic anhydride (12 c.c.) was 
heated to boiling for 3 minutes and then cooled with ice. 6:7-Dimethoxycoumaran- 
dione (6.1 g.) separated as hard prisms which crystallised from benzene in hard prisms, 
m.p. 153°. A further amount ‘0.4 g.) was obtained on concentration of the mother- 
liquor. (Found: C, 57.5; H, 3.6. C,H,O; requires C, 57.7; H, 3.8 percent). The 
compound separated in long needles if a concentrated solution in benzene was chilled 
suddenly but these changed over completely to the more stable prisms. 
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Ethyl 2-hydroxy-3 : 4-dimethoxyphenylglyoxylate separated on boiling the diketone 
with absolute alcohol for 5 minutes. This was obtained from aqueous alcohol in colorless 
leaflets, m.p. 77-78°. (Found: C, 56.9; H, 5.5. CygHi4Oc requires C, 56.7; H, 5.5 
per cent), The corresponding methyl ester, which was likewise prepared, crystallised 
from methanol in nearly colorless needles, m.p. 99-101°. (Found: C, 55.0; H, 4.6. 
C,,H,.0. requires C, 55.0; H, 5.0 per cent). 

4:5-Benzocoumaran-dione.—The condensation of 8-naphthol (4.0 g.) with ethyl 
cyanoformate (4.5 g.) in ether {25 c.c.) was done as before. The crystalline, hygros- 
topic, orange-red ketimine hydrochloride separating was collected next day, treated 
with warm water and the crystalline orange-yellow precipitate was collected, hydro- 
lysed as before with sodium hydroxide (5%) and then acidified. 4 : 5-Benzocoumaran- 
dione (4.1 g.) was obtained crystallising readily from benzene in orange needles or 

prisms, m. p. 184° (decomp.). (Found: C, 72.7; H, 3.1. Calc. for C,,H,O;: C, 72.73 
H, 3.0 per cent). 

6:7-Benzocoumaran-dione was prepared from 6: 7-benzocoumaran-3-one which was 
prepared as follows: To a cooled solution of diazomethane ‘from 4.3 g. of nitroso- 
methylurea) in dry ether (60 c.c.) wasadded with stirring 1-hydroxy-2-naphthoyl chloride 

(3.0 g.), prepared according to Meyer ‘Monatsh., 1901, 22, 790). Vigorous evolution 
of nitrogen took place and next day the ether was removed iv vacuum. ‘The oily residue 
of the diazoketone which did not crystallise (prubably due to the impurities which 
were present in the acid chloride employed) was cooled in ice and treated with strong 
hydrochloric acid when a vigorous decomposition took place. Steam distillation afford- 
ed 6:7-benzocoumaran-3-one (1.3 g.), crystallising from aqueous dioxan in colorless 
plates, m.p. 118-19° (Ullmann, Ber., 1897, 30, 1468, gives m.p. 93°; Ingham, Stephen 
and Temple, J. Chem. Soc., 1931, 895, give m.p. 119°). (Found: C, 78.0; H, 4.4. 
Cale. for C,.H,O,: C, 78.2; H, 4.3 percent). This dissolves in sulphuric acid with 
a yellow solution exhibiting deep green fluorescence and gives a magenta-red precipitate 
with Fehling’s solution (cf. Ullmann, loc. cit.). By treating a solution of the coumara- 
none (1.3 g.) in acetic acid (15 c.c.) with sodium nitrite ‘2.5 g.), added during 8 hours, 

yellow crystalline precipitate of 2-isonitroso-6:7-benzocoumaran-3-one was obtained 
crystallising from acetic acid in golden yellow plates, m.p. 201-202° (decomp.). (Found: 

N, 6.8. C,2H;OgN requires N, 6.6 percent). Jt gives a cherry-red colour with sul- 
phuric acid. On hydrolysis with concentrated hydrochloric acid (20 c.c.) at 80° this 

compound gave a yellow crystalline product which was found to be 1-hydroxy-2- 
naphthylgiyoxylic acid, mixed with a little unchanged compound. Crystallisation 

from benzene eliminated the latter which was sparingly soluble, affording the acid (0.71 g.) 

in yellow plates, m.p. 147-49° (decomp., the capillary tubes becomes hazy before 

melting). (Found: C, 66.8, 66.9, 67.0; H, 3.6, 3.7, 3.7. Ci2HsO, requires C, 66.73 

H, 3-7 per cent). Cyclisation of this acid was done with acetic anhydride for 5 minutes 

on the water-bath. On cooling, 6: 7-benzocoumaran-dione (71% yield) was obtained 

crystallising from benzene in orange needles, m.p. 148-49.5° (decomp.). (Found: C, 

72-33 H, 3.4. Calc. for C,,H,O; : C, 72.7 ; H, 3.0 per cent). 

Action of Cyanogen on @&-Naphthol: Repitition of Knobloch aud Schraufstatter’s 

work.—A mixture of @-naphthol {12.5 g.), pure anhydrous aluminium chloride (12.5 g.) 
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in dry ether (1ooc.c.) was first saturated with hydrogen chloride in the cold and then 
carefully dried cyanogen (over phosphoric anhydride) (from sodium cyanide, 40 g. in 
water, 100 c.c. and copper sulphate, 100 g. in, water, 200c.c.) was passed slowly into 
the mixture. The orange, hygroscopic ketimine hydrochloride that had separated was 
collected next day, treated with warm water and the greenish yellow precipitate (10.2 g.) 
crystallised fromm acetic acid (50%) in yellow needles, m.p. 196° (decomp.). (Found : 
C, 73-1, 73.33 H, 3.6, 3.8; N, 6.9, 7.1. C,:H;O,N requires C, 73.1 ; H, 3.5; N, 7.1 
per cent). The compound did not give much difficulty in combustion and proved to 
be 1-hydroxy-4-naphthoyl cyanide on degradation, as given below. The compound 
dissolved in alkali carbonate or bicarbonate with a yellow colour. With alkali it imparted 
a transient yellow colour. 


On boiling with water for 4 hour the compound dissolved with the liberation of 
hydrogen cyanide (detected by smell and also by ferrocyanide test). On cooling, 
1-hydroxy-4-naphthoic acid of'm.p. 183-84° (decomp.) was obtained. The identity was 
confirmed by mixed m.p. and by the preparation of the acetyl derivative which melted 
at 178°, and further confirmed by methylation with excess of methyl sulphate and alkali 
to 1-methoxy-4-naphthoic acid, m.p. 238-39.5° (lit. m.p. 232°). (Found: C, 71.0 ; H, 
5.0. Calc. for C,.H,,O; : C, 71.2 ; H, 4.9 per cent). 

Condensation of Ethyl Cyanoformate with *-Naphthol.—A mixture of *-naphthol 
(2.0g.), ethyl cyanoformate (2.5 g) in ether (20c.c.) was saturated with hydrogen 
chloride in the cold and next day the crystalline ketimine hydrochloride (2.5 g., non- 
hygroscopic, m. p. 180-182°, decomp.) was collected which on treatment with warm 
water afforded ethyl 1-hydroxy-4-naphthylglyoxylate (1.4 g.), crystallising from benzene 
in cream-colored needles, m.p. 147° (decomp.). (Found: C, 68.5; H. 5.0. CisHi.0, 
requires C, 68.8; H, 4.9 percent). This was hydrolysed with excess of sodium hydro- 
xide (5%) and the greenish solution on acidification gave 1-hydroxy-4-naphihylglyoxylic 
acid, crystallising from ethyl acetate-light petroleum in yellow needles, m.p. 195° 
(decomp.). (Found : C, 66.8, 66.7 ; H, 3.5; 3.6. Ci2HsQ. requires C, 66.7; H, 3.7 
per cent). On oxidation with hydrogen peroxide this gave 1-hydroxy.4-naphthoic acid, 
m.p. 183-8;° (decomp.) giving a chocolate colour followed by separation of a precipitate 
with ferric chloride. Acetylation with sodium acetate and acetic anhydride gave the 
acetyl derivative, crystallising from benzene in colorless needles, m.p. 17 -78°, 

All the %-ketonic acids described in this paper reacted with o-phenylenediamine to 
give quinoxaline derivatives of the type (XII}. ‘These were prepared in glacial acetic 
acid by boiling equimolecular quantities of the reactants and were crystallised from 
acetic acid. The properties and analyses of the derivatives are recorded in Table I. 

The author wishes to thank Principal M. Q. Doja and Profs. B. P. Gyani and P. C. 
Sinha for facilities.* 
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* Addendum. In Part III of the series (Feb. No. p. 102) it was claimed that the cyclisation of 2-(0- 
carboxybenz»yl)-coumarone had been effected. This was really added in proof and the details will be 


published in a subsequent communication. 




































jour. Indian Chem. Soc., Vol. 81, No. 3, 1954] 


A SYNTHESIS OF THIOINDOXYL. CONDENSATION OF SOME 
THIOINDOXYLS WITH 1:2-DIKETOHYDRINDENE 


By J. N. CHATTERJEA AND K. PraAsap 


Thioindcxyl has been synthesised from thioaspirin by the cyclisation of the related diazoketone. 
A few thivindoxyls have been condensed with 1:2-diketohydrindene, and it is shown that halogen deriva- 
tives of thioindoxyl invariably give mixtures arising. probably, by the condensation of either carbonyl 
groups of the diketone. The absorption spectra of the two types of products are recorded. 


a.Diazo-o-methoxyacetophenone (I} is known to undergo an interesting cyclisation 
in presence of catalytic amount of acids to coumaranone (II) with the extrusion of the 
methyl group (Pfeiffer and Enders, Ber., 1951, 84, 252; Palit and Chatterjea, Science & 
Culture, 1952, 17, 345; Bose and Yates, J]. Amer. Chem. Soc., 1952, T4, 4703). This 
appears to be the best practical method for the preparation of coumaranone. A similar 
cyclisation of %-diazo-o-acetoxyacetophenone has been reported much earlier (Clibbens 
and Nierenstein, J. Chem. Soc., 1915, 107, 1492). It is of obvious interest to extend the 
reaction to the analogous sulphur series with the result that a new synthesis of thioindoxyl 
‘III) has come to light. 
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S-Methylthiosalicylic acid (IV), which was conveniently prepared by way of the 
methyl ester by the action of diazomethane on thiosalicylic acid, was converted into the 
acid chloride (cf. McClelland and Warren, ibid., 1929, 2625) by the action of thionyl 
chloride; this furnished the related diazoketone (I, S.Me in place of O.Me) by interaction 
of diazomethaue in the usual manner. This diazoketone underwent vigorous decom- 
position on treatment with acids without yielding, however, any of the expected 
cyclised product ‘III) and gave with hydrochloric avid the chloroketone (V). This 
fact, however, needs occasion little surprise, wheu we recall the stability of C—S 
linkage, a fact which is borne out by the important and significant observation 
(D. R. P. 200, 200) that (IV) itself cyclises to (II1) on fusion with alkali at a high 
temperature. 

When S-methyl was replaced by S-acetyl in ‘1V), the result became more fruitful. 
The corresponding acid chioride (Mentzer ei al., Brit. Chem. Abs., 1947, LI, 220) gave 
with diazomethane the related diazoketone (I, S-COMe in place of O-Me) together 
with a little thioindoxyl (III). ‘The latter was, however, obtained in about 20% yield 
by treating the crude diazoketone with hydrochloric acid. 
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In an attempt to prepare thiosalicoyl chloride, the action of thionyl chloride on 
thiosalicylic acid was investigated. ‘This afforded, very curiously, dithiosalicoyl chloride 
(VI), obviously formed by a process of oxidation. In this connection, it may be recalled 
that Baker et ai. (J. Chem. Soc., 1952, 3166) have recently obtained the eight membered 
compound, cis-di-(thiosalicylide) (VII) and tlie related tri(thiosalicylide) by the action 
of phosphoryl chloride on thiosalicylic acid, but in spite of a careful search these 
products could not be detected in the residues left on purification of compound (VI). 
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Acenaphthenequinone (VIII) is known to condense with thioindoxyls to give an im- 
portant class of thioindigos. An analogue of this o-quinone is 1 : 2-diketohydrindene (IX) 
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structurally related to isatin, thionaphthenquinone and related substances which 
give thioindigoids on condensation with thioindoxyl. A preliminary study of the thio- 
indoxyls with 1 : 2-diketohydrindene has now been undertaken. 

The reaction is found to take place immediately in warm acetic acid in presence 
of a catalytic amount of hydrochloric acid. With thioindoxy] and its 5- and 7-methyl 
derivatives, the orange-red products are more or less homogeneous and these products 
may be provisionally regarded as constituted as (X) (indirubin type) for the «-carbonyl 
group* will remain predominantly in the enolic form. Similar tautomeric system exists 
in isatin and it is known that the corresponding condensation products are of the indiru- 
bin type (Harley-Mason and Mann, J. Chem. Soc., 1942, 404). 

With the halogen derivatives of thioindoxyl, we always encountered with mixtures 
of isomeric products, separable with difficulty on fractional crystallisation. The products 
from 5-chloro- and 5-bromothioindoxyls were mixtures of red and orange-yellow products, 
the latter, which were less soluble, were isolated in a pure state. Unfortunately, the 
products have no definite melting or decomposing points to guide the purity, and their 
separation on an alumina column could not be employed as the products were strongly 
adsorbed and appeared to react chemically withthe column. ‘The product from 7-chloro- 
thioindoxy] was also a mixture from which the orange-yellow portion, which largely 


* The carbonyl groups in (IX) are marked a and 8 with respect to the methylene group 
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predominated, was obtained in a pure condition. ‘These orange-yellow products are 
undoubtedly differently constituted and must necessarily arise by the condensation of 
the 2-carbonyl group with thioindoxyl and may be provisionally regarded as constituted 
as (XI). The halogen atom present in the thioindoxyl nucleus thus appears to have a 
significant influence on the comparative reactivity of the carbonyl groups of the diketone 
(IX). This result may be contrasted with the very important results of Dalgleish and 
Mann (J. Chem. Soc., 1945, 893) who find that the course of condensation of thionaph- 
thenequinone with thioindoxyls is determined primarily by the substituents in the 
thioquinone molecule and only slightiy by substituents in the thioindoxyl nucleus. 
The absorption spectra of these two types are shown in Figs. 1 and 2. 


Fic. I 


Abscrption spectra in xylene (type X). 
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A (in m. microns). 


D. R. P. 242,220 describes the preparation of products of the type (X) by the 
condensation of 8-hydrindone with thioquinone-2-anil (XI1) (Thorpe and Ingold, “Vat 
Colours’, Longmans, Green and Co., 1923, p. 163). If this reaction is possible, the 
product from +-hydrindone should be of the type (X11). Investigation in this direction 
will be undertaken in future. However, we have so far been unsuccessful in bringing 
about a condensation between «- or 8-hydrindone and thionaphthenequinone in presence 
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of either basic or acidic catalysts. In acetic anhydride, a red coloration is obtained 
without, however, the separation of any crystalline material. 


LW {NS , Jorn. 
R—- | cmt € 253 OH, ‘yh C=NC.H.NMe, 
ee _ 3/ 
(XI) (X11) 


The diketone (IX) was prepared by the method of Perkin et al. (J. Chem. Soc.. 1912, 
101, 2323 ibid., 1914, 105, 2405; cf. V. Braun and Kirschbaum, Ber., 1913, 46, 3041; 
Steinkopf and Bessaritsch, Ber., 1914, 47, 2925). Attempts to prepare this compound 
from either %- or 8-hydrindone by oxidation with selenium dioxide (cf. Allen and Rudoff, 
Canadian J. Res., 1937, 15B, 821) were not successful. In solvents, such as n-butanol 
or dioxan, a precipitate of 63-70% selenium took place and the resulting product was 


found to contain selenium. 
Fic. 2* 


Absorption spectra in xylene (type XI. R=5-Br or 5-Cl). 
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1:2-Diketohydrindene also condensed readily with @-hydrindone itself giving a 


oat 9 (X, R=H, CH, in plate ofS) which was difficult to purify. 
* Read XI for X inside the diagram of Fig 2. 























SYNIHESIS OF THIOINDOXYL 
ExPERIMENTAL 


S-Methylthiosalicylic acid (cf. Zincke and Siebert, Ber., 1915, 48, 1248) was con- 
veniently prepared by treating a cooled solution of thiosalicylic acid (5.og.) in dry 
benzene (18 c.c.) with excess of diazomethane (from 7g. of nitrosomethylurea) in 
ether (60 c.c.). ‘The mixture was left overnight and next day on removal of the 
solvent, the methyl ester was obtained in colorless prisms, m.p. 67° (lit. m-.p, 
66-67°}, yield, quantitative. The ester (5 g.) was hydrolysed with alcoholic potash 
(30 c.c., 10%) for a few hours on the water-bath, alcohol removed and the cooled residue 
acidified to give (LV) crystallising from aqueous alcohol in prismatic needles, m.p. 168° 
(lit. m. p, 164°, 169°). (Found: C, 57.1; H, 5.0. Cale. for CsH,O0,S: C, 57.1; H, 4.8 
per cent). 


a.Diazo-o-mercaptomethylacetophenone.—The foregoing acid (2.0g.) was refluxed 
with thionyl chloride (10 c.c.) for 4 hour. Thiony! chloride was distilled off and the 
last traces removed by repeated additions of dry benzene, followed by its subsequent 
removal in vacuum. The acid chloride was obtained from benzene in prisms, m.p. 
77-78° (lit. 75-76°). (Found: Cl, 19.1. Cale. for C,H,;OCIS: Cl, 19.0 per cent). A 
solution of the acid chloride (2.0 g.) in dry benzene (15 c.c.) was added toa cooled 
(o°) and stirred solution of diazomethane (from 6 g. of nitrosomethylurea) in dry ether 
(60 c.c.), left overnight and next day the ether wasremoved in vacuum. The diazoke- 
tone (I, S.Me in place of O.Me) (1.8 g.) was obtained as a brownish yellow liquid which 
quickly solidified to a light yellow mass, crystallising from benzene-light petroleum in 
light yellow prisms, m.p. 46-47° (decomp.). (Found: N, 15.0. C,HsON,S requires N, 
14.6 per cent). On treatment with cold acetic acid a vigorous exothermic decomposition 
took place but thioindoxyl was not detected in the reaction mixture. On adding to 
cooled concentrdted hydrochloric acid, a vigorous exothermic reaction took place with 
the separation of «a-chloro-o-mercaptomethylacetophenone (V} asareddish crystalline 
mass which was washed with dilute alcohol and then crystallised from benzene-petroleum 
ether in reddish plates, m.p. 80-82°. (Found: Cl, 17.0. C,H,OCIS requires Cl, 17.7 
per cent). It is very difficult to remove the colour from the compound by crystalli- 
sation. On adding the diazoketone in small quantities to boiling aniline a vigorous 
reaction took place. The mixture was boiled fora short time after the diazoketone had 
been added, cooled and poured into dilute hydrochloric acid. The Wolff rearrange- 
ment product was obtained as a brown oil which solidified gradually. After removing 
the adhering tar by careful treatment with cold acetic acid, the product, probably 
o-mercaptomethylphenylacetanilide»> was obtained from acetic acid in slender prismatic 
needles, m.p. 123-24°. The compound is very soluble in alcohol and could not be 
analysed due to shortage of material. 


Thioindoxyl from Thioaspirin.—Thioaspirin (1.0 g.) was dissolved in benzene 
(10 c.c.) and treated gradually with PCI, (1.0 g.) with the exclusion of moisture. After 
refluxing for 2 minutes, benzene and POCI, were removed in vacuum on the water- 
bath and traces of the chlorides of phosphorus were removed by the addition of benzene, 
followed by its subsequent removal. ‘The brown syrupy mass was dissolved in benzene 
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(5 c.c.) and added toa cooled solution (0°) of diazomethane (from 3g. of nitrosome- 
thylurea) in ether (50 c.c.) and left overnight. Next day, after removing the sol- 
vent in vacuum, the brown residue was found to contain the related diazoketone and 
some thioindoxyl. The mass was treated with acctic acid, gradually warmed till 
the reaction was over and then subjected to steam distillation. Thioindoxy! (0.15- 
0.16 g.) was obtained in the distillate, crystallising from petroleum ether in nearly color- 
less needles, in.p. and mixed m.p. 68-70° (lit. m.p. 71°). (Found: C, 63.7; H, 4.3. Calc. 
for C,H,OS: C, 64.0; H, 4.0 per cent). The identity was confirmed by direct comparison 
of various reactions and by the preparation of the p-nitrobenzylidene derivative (Friedl- 
finder, Monatsh., 1909, 80, 347) which crystallised from benzene in orange-yellow plates, 
m.p. 231° (lit. 231°). (Found: C, 63.2; H, 3.4. Cale for C,;H,O,NS: C, 63.6; H, 3.2 
er cent). This compound dissolved in sulphuric acid with a bluish violet coloration. 


Action of Thionyl Chloride on Thiosalicylic Acid.—Thiosalicylic acid (5 g.) was 
refluxed for 1 hour with thionyl chloride {15 c.c.)}. The mixture was filtered from sus- 
pended impurities, the filtrate carefully treated with water and made alkaline with warm 
sodium carbonate solution. The precipitate {4.0 g.) was collected and crystallised thrice 
from benzene in colorless prisms, m.p. 154° and identified as dithiosalicoy] ch'oride 
(m.p. 153-54°, Rer., 1898, 31, 1670). (Found: C, 48.5; H, 2.7; S, 18.3. Cale. for 
C,,H,0,C1,S,: C, 48.9; H, 2.3; S, 18.7 per cent). This was confirmed by hydrolysis 
with boiling alkali to dithiosalicylic acid, m.p. 289-90°. and mixed m.p. The 
compound is hardly affected by atmospheric moisture. 


1:2-Diketohydrindene was prepared according to Perkin et al. (loc. cit.) by the 
hydrolysis of 2-oximino-1-hydrindone in presence of formaldehyde. Use of pyruvic 
acid in place of formaldehyde did not give the required product. This diketone gave a 
mono-2:4-dinitrophenylhydrazone, m.p. 255° (decomp.) with previdus darkening. 
(Found: N, 16.8. C;sH,vOsN, requires N, 17.1 per cent). 


Condensation of 1:2-Diketohydrindene with Thioindoxyl: Formation of 2-Thio- 
naphthene-t-indene-indigo.—A mixture of 1:2-diketohydrindene (0.68 g.) and thio- 
indoxyl (0.68 g.) in acetic acid (15 c.c.) was heated in a steam-bath. A few drops of 
concentrated hydrochloric acid were added when a lustrous red precipitate began to 
separate gradually. Heating was continued for 10 minutes with occasional shaking, 
cooled and the desired product (0.92 g.) was collected, washed with cold acetic acid 
(2x2 c.c.) and crystallised from acetic acid in beautiful red plates which darkened and 
decomposed progressively above 185°. (Found: C, 73.0; H, 3.5. Ci2Hi.0,5 requires 
C, 73.4; H, 3.6 percent). With sulphuric acid this gave a dark green coloration. 


5-Methyl-2-thionaphthene-t-indene-indigo was obtained in 86% yield from 5-methyl- 
thioindoxyl as above, and crystallised f'om acetic acid in dark red prisms, m.p. 187-89° 
(decomp.). With sulphuric acid this dissolves with a red coloration, slowly turning 
green. (Found: C, 74.2; H, 4.4. CisH,,0.S requires C, 74.0; H, 4.1 per cent). 


7-Methyl-2-thionaphthene-1-indene-indigo.—Although the crude, deep orange-red 
product (75% yield) showed some heterogeneity, the compound on crystallisation from 
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acetic acid was obtained in homogeneous dark red prisms which decomposed progressively 
above 190°. (Found:C, 74.3; H, 4.4. CisH,,0,S requires C, 74.0, H, 4.1 per cent). 
‘The product dissolved in sulphuric acid with a red coloration which rapidly turned green. 


Condensation of 1:2-diketohydrindene with Halogen Derivatives of Thioindoxyl. 
(a) With 5-Bromothioindoxyl.—The vermillion-red condensation product (61% yield), 
although apparently homogeneous, proved to be a mixture. This crude product analysed 
correctly. [Found: C, 56.7; H, 2.9: Br, 22.5. C,,H,O,SBr (isomeric mixture) requires 
C, 51.1; H, 2.5; Br, 22.4 per cent]. This mixture (1.3 g.) was treated with boiling acetic 
acid (50 c.c.) and filtered hot. The yellow residue (0.26-0.29 g.) was crystallised from 
a large volume of acetic acid, giving the yellow condensation product, 5-bromo-2-thio- 
naphthene-2-indene-indigo, as fine orange-yellow plates with coppery lusture resembling 
helianthin. This compound darkens and decomposes progressively at about 236-38°. 
(Found : C, 56.7; H, 2.9. C,;H,O,SBr requires C, 57.1; H, 2.5 per cent). This dissolved 
in sulphuric acid giving a deep blue coloration. 


The filtrate, which retained the main product, on concentration gave a red mass 
(o 8 g.). This was purified by repeated crystallisations from acetic acid and obtained as a 
red mass (0.25-0.28 g.) which darkened and decomposed progressively above 192°. It was 
very difficult to ascertain the purity of the substance. (Found: Br, 22.2. C,,H,O,SBr 
requires Br, 22.4 per cent). The compound dissolved in sulphuric acid with a red 
coloration which rapidly turned green. 


(b) With 5-Chlorothioindoxyl.—The orange-red condensation product (59% yield) 
was again a mixture which was separated as above intothe orange-yellow product, 
probably 5-chloro-2-thionaphthene-2-indene-indigo, decomposing above 235° (Found: 
Cl, 11.2. C,;;H,O,SCI requires Cl, 11.3 per cent) and a red mass. As the initial material 
at hand was small in quantity, the latter was not investigated. The yellow compound 
dissolved in sulphuric acid giving a deep blue coloration. 


(c) With 7-Chlorothioindoxyl.—The yellowish red condensation product (68% yield) 
was a mixture. The crude product gave a green sulphuric acid reaction and analysed 
correctly. (Found: Cl, 11.1. C,,H,O,CIS requires Cl, 11.3 per cent). The separation 
into components was more difficult to bring about as the difference in solubility was not 
very great. However, after several crystallisations from acetic acid, the yellow portion, 
probably 7-chloro-2-thionaphthene-2-indene-indigo was obtained from acetic acid in 
light orange, fine needles, decomposing progressively above 210°. (Found: Cl, 11.4. 
C,,H,O,CIS requires Cl, 11.3 per cent). This dissolved in sulphuric acid with a deep 
blue coloration. 


Condensation of 1:2-Diketohydrindene with “-Hydrindone (cf. Perkin et al., 
loc. cit., 1914).—A mixture of 1:2-diketohydrindene (0.9 g.) and *-hydrindone (0.8 g.) 
in acetic acid (10 c.c.) was warmed and treated with hydrochloric acid (1 ¢.c.) and 
warmed further on the water-bath for 5 minutes, cooled and the dark crystalline mass 
(0.4 g.! washed with alcohol and crystallised from a large volume of acetic acid. ‘The 
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product (XIII) was obtained in brown crystalline mass, darkening and decomposing 
above 230°. (Found: C, 82.6; H, 4.2. CysH,,0, requires C, 83.1; H, 4.6 percent). 
The compound gave a deep orange-yellow coloration with sulphuric acid. 


The authors wish to thank Dr. S. K. Guha and Dr. S. P. Sinha for their interest 
in the investigation and to Principal M. Q. Doja and Profs. B. P. Gyani and P. C. Sinha 
for facilities. 
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ADSORPTION OF PHOSPHATE AND OTHER ANIONS BY 
; ALUMINIUM OXIDE 


By P. R. Srna AnD A. K. CHOUDHURY 


Anion exchange is a characteristic property of hydrated aluminium oxide, but the common anions 
like chloride, sulphate, chromate, etc: are so weakly held that they are completely replaceable by OH™ 
ions of water or aqueous alcohol. However, adsorption of phosphate is something more than simple 
exchange of hydroxyl groups of alumina by phosphate ; the process is apparently a chemical reaction 
of phosphate with aluminium on the surface to form insoluble aluminium phosphate.’ This is evident 
from the much higher values of adsorption compared to other anions, and also from the difficultly replace- 
able character of the adsorbed phosphate. Common inorganic’anions cannot completely replace the 
adsorbed phosphate, whereas oxalate or citrate, although capable of replaclng phosphate, brings a quan- 
tity of Al, almost equivalent to replaced phosphates into the solution ; this indicates that the action of 
oxalate or citrate on phosphatised alumina proceeds through dissolution of aluminium phosphate in such 
solutions. Fluoride ion, which completely replaces adsorbed phosphate, is also likely to react with 
alumina to form insoluble aluminium fluoride. 


The majority of experiments on anion adsorption by soils and clays is restricted 
to phosphate interaction. ‘This is partly due to ‘the fact that phosphate adsorption is 
extremely important from the practical point of view, and partly due to its complex 
nature. Asa result of the latter, contradictory observations have often been reported. 

Demoion and Bastisse ‘Compt. rend., 1933, 197, 1247) observed that presence of sili- 
cate, oxalate, citrate and humate lowered adsorption of phosphate ; on the other hand, 
that of chloride, sulphate, nitrate and acetate enhanced it. Reduction in phosphate 
adsorption by soil in presence of silicate, humate and hydroxyl ions has also been 
reported by Weiser (Vt. Agr. Expt. Sta. Bull., 1933, No. 365, 3), Scarseth ‘J. Amer. Soc. 
Agron., 1935, 27, 596) and Toth (Soil Sci., 1939, 47, 123). Kurtz, De Turk and Bray 
(ibid., -1946, 61, 111) regarded phosphate adsorption as anion exchange. ‘They noticed 
that the ability of anions to replace adsorbed phosphate was related to their tendency to 
form complexes with ‘ions present in the soil or the phosphatised mineral. Arsenates 
are particularly efficient in displacing adsorbed phosphate (Dean and Rubins, ibid., 
1947, 68, 377; Schollenberger, ibid., 1947; 64, 371). Fluoride, citrate and hydroxyl 
ions were found by Dean and Rubins (loc. cit.) to completely replace adsorbed phosphate 
from soils having low phosphate adsorption capacity (p.a.c.) but not so from soils 
having high p.a.c. 


The nature and extent of anion exchange, particularly with phosphate, depend 
markedly on the type of the mineral concerned. An evaluation of this aspect is especi- 
ally important when'the exchange substance is a soil. A soil may consist of one or 
more of the clay minerals, small quantities of salts, organic matter, iron and aluminium 
oxides. ‘The sesquioxides may be present in the soil in a wide variety of forms, all 
‘of which are more or less active so far as phosphate adsorption is concerned. 
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Of the clay minerals present in soil, kaolinite adsorbs phosphate in fairly large 
amounts, and the phenomenon presents many complex as well as interesting features. 
Since small sized particles adsorb large amounts of phosphate, the ground kaolinites 
have usually been employed (Murphy, Hilgardia, 1939, 12, 341 ; Stout, Soil Sci., Soc. 
Amer. Proc., 1939, 4, 197). ‘The increased phosphate adsorption with ground kaolinite 
cannot be unequivocally correlated with -the increased surface area ; a breakdown of the 
mineral raises complicated issues. Most of the contradictory results may be attributed 
to the decomposition of kaolinite. The main product of decomosition is possibly alumi- 
nium oxide (Sieling, Soil Sci., Soc. Amer. Proc., 1946, 11, 161), which has a very high 
phosphate binding capacity. Low and Black (ibid., 1947, 12, 180) postulated phosphate 
interaction of kaolinite on the basis of a dissociation of the mineral into Al(OH) 3 and 
Si,O3, the former of which combines with phosphate leading to a gradual decomposition 
of the mineral. Ensminger (ibid., 1948, 13, 170) found that the phosphated products 
obtained from kaolinite and a kaolinitic clay from soil at pu 5.7 and 7.0 were exactly 
identical with the aluminium phosphate formed at these p,’s. Phosphates having the 
formula Al(OH),H,PO, and I'e(OH),H,PO, were also identified by Cole and Jackson 
(J. Phys. & Coll. Chem., 1950, 5%, 128) by X-ray and electron diffraction of the pre- 
cipitates obtained by reacting Al and Fe salts with phosphates at py 3.8 and 2.5 res- 
pectively. The bentonites do not react so strongly with phosphate or other anions as do 
kaolinites, and very few workers have used bentonites for the study of anion or phosphate 
exchange. The influence of px on phosphate adsorption by bentonties was studied by 
Scarseth (loc. cit.), Bradfield et al. (Trans. Int. Cong. Soil Sci., 1935, 1, 74) and Stout 


(loc. cit.). 


A large portion of the experimental data on the interaction of phosphate with 
clay minerals seems to have been vitiated owing to the presence, often ignored, of the 
oxides of iron and aluminium which are highly active so far their reaction with phosphate 
is concerned (Weiser, ‘‘Inorganic Colloids’’, Vol. II, 1935, p. 101). Various investi- 
gators have in fact ascribed the major proportion, if not all, of the bound phosphate 
in soil to the sesquioxides (Fraps, Texas Agr. Expt. Sta. Bulletin, 1939, No. 126; 
Allison, Soil Sci., 1943, 55, 333; Coleman, Soil Sci., Soc. Amer. Proc., 1942,.7) 134; 
1945, 9, 72; Metzger, J. Amer. Soc. Agron., 1940, 82. 513; Heck, Soil Sci., 1934, 87, 
343; Kelley and Midgley, ibid., 1943, 55, 167). The phosphate or, in general, anion- 
binding capacity of soils as well as clays has been found to be considerably reduced on 
the removal of the sesquioxides (Gerlach, Landw. Versuchs. Sta., 1895, 46, 201; Coleman, 
loc. cit. Dean and Rubins, loc. cit. Sieling, loc. cit.). 


If aluminium oxide particles adsorb, for example, phosphate solely by exchange 
with OH™ ions on the surface, the exchange behaviour should be shown against other 
anions also. With phosphate ions, on the other hand, it is not unlikely that it might 
react chemically with aluminium on the surface. ‘The latter may be an irreversible 
process in the sense that the adsorbed phosphate would not exchange with other anions 
in solution. Asa result, a large proportion of the added phosphate becomes ‘fixed’, and 
the total amount adsorbed is much higher than those of other anions, like chloride, 
sulphate, nitrate, etc. In the same way, such anions as are capable of forming complexes 
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ot insoluble compounds with lattice ions, viz., Al in aluminium oxide layer, are likely to 
be adsorbed in large amounts, The binding of anions other than phosphate and similar 
anions may be so weak that even OH“ ions of washing water would be able to remove 
them gradually from the adsorbed state. All these different forms are simply referred 
to as ‘adsorbed’, since, except when the concentration of the added phosphate is large, 
the reactions are restricted more or less to the surface. 


EXPERIMENTAL 


The object of the present investigation isto obtain the anion, and in particular phos- 
phate, adsorption characteristics of alumina, which is one of the major phosphate fixing 
constituents of the soil. For this purpose one sample of gibbsite (III), several others 
of aluminium oxide both in the sol (I and E) and gel states (II and B), prepared under 
different conditions, were used. Ai,O; (I) was prepared by precipitating Al(OH), with 
NH,OH8H from AICI, solution; it was purified from salts by dialysis and finally suspended 
in double distilled water. Al,O; (II) was the material dehydrated at 105°-t10° and 
obtained from Al,O, (I). Al,O;(E) was prepared by hydrolysis of aluminium ecthoxide 
and slow evaporation of alcohol under low pressure. Al,0,(B) was the granular Brock- 
mann alumina (Merck), which was washed several times with distilled water and dried at 
105°-110°. The sample of gibbsite was ground fine (< 200 mesh, U.S. standard), and 
was dried at 105°-110°. Gibbsite sample contains 50% alumina and the major impuri- 
ties are : silica (43%) and titania ‘5%). Al,O, (1 and II) contains traces of chloride and 
Al,O, (B) those of alkali. 

The amount of anion adsorbed from dilute solutions was calculated from the differ- 
ence in concentrations before and after adsorption. Usually, five days were allowed 
for equilibrium even for phosphate which showed a very small but continuous adsorption. 
In the case of concentrated solutions, the amount adsorbed was estimated directly by 
analysing the 60% alcohol-washed adsorbent, which was boiled for this purpose with 
1.0 N-HNO,, or 1.0N-NaOH. Either the acid or the alkali extract was analysed 
for the adsorbed anion. ‘This method is particularly suitable for the study of phosphate 
adsorption, according to the procedure of Piper (“‘Soil and Plant Analysis’’, Intersci. 
Pub., 1944) who used a normal ammonium phosphate solution adjusted at pu 4.0. In 
our experiments the same solution was used but allowed to react at the room temperature 
for five days instead of at 60° for 18 to 24 hours, 

Neutral ammonium salt solutions containing different anions were also used to 
replace adsorbed phosphate. Pemberton’s procedure (cf. Wright, “Soil Analysis’’, 
Thomas Murphy) for the estimation of phosphate was applied to the salt leachates, except- 
ing those with sulphates, oxalates and citrates. . The last two were completely de:omposed 
before estimation of phosphate. In the sulphate leachate, the phosphate was separated 
as the ferric salt, which was then analysed. The fluoride leachate was decomposed with 


sulphuric acid. 
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The adsorption of anions other than phosphate was studied with Al,O, (I and E) 
sols. The results show that molybdate is followed in decreasing order by sulphate, 
oxalate, chromate and bromate. The adsorption of sulphate, oxalate and chromate, 
studied at different pa’s, shows a decrease as the px is lowered. 


The release of OH™ ions observed by other workers with alumina is better illustrated 
by the results obtained with the Al,O,(E) sol whose colloidal particles contain no other 
anion but OH™ on the surface. ‘Ihe ba’s of the added NaCl and Na,SO, were adjusted 
to 7.0 in order to ensure the maximum sensitivity to pa changes. 


TABLE I 


bu of neutral salt solutions in presence of Al,O, (E). 


Salt soln. Initial anion. Original Pn of soln. Px of sol salt soln. Increment in pu. 
conc. 
NaCl 0.05 N 7.0 7.65 0.65 
NaCl 0.10 7.0 7:77 0.77 
Na2SO, 0.05 7.0 8.20 1.20 
NagSO, 0.10 7.0 8.30 1.30 


The presence of OH™ ions may also be quantitatively shown by actual titration of 
the supernatant liquid of the sol (Al,O0, E) plus salt mixtures (Table II). It may be 
argued that HSO,~ ions, instead of SO,", are adsorbed in these experiments, but in either 
case the pa must increase. 

TABLE II 


Amount of OH” liberated from Al,O, (E) and gibbsite by neutral salt. 


System. M.e./100 g. Al,O3. Calc. from alkalinity of Indicator used. 
sol, sol satd. K,SO,. 
Al,O3(E) 8.4 19.0 Bromothymol blue 
Po 12.6 : 30.7 Methy! red 
Gibbsite 5.5 8.1 Methyl red 


It will be seen from the above results that the amount of anion adsorption, directly 
estimated in the adsorbent, is lower than that calculated from alkalinity of the supernatant 
liquid. This is due to the fact, already mentioned, that the adsorbed anions are liable 
to be partly removed while washing out the free electrolytes with water. 


Adsorption of Phosphate 


As the following experiments show, phosphate is adsorbed fairly strongly by alumi- 
nium oxide, so much so that a part of the adsorbed phosphate is retained or “‘fixed”’ 
not only against OH™ of water but even against other anions of dilute salt solutions. 
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TABLE III 


Adsorption of phosphate by aluminium oxide. 


Initial conc. of phosphate=o0.05 N. Adsorbent: volume of soln.=1 : 100. 


Soln. % in the Adsorption Eq. pa. Soln. % inthe Adsorption Eq. pu. 
mixture. (m.e./100 g. mixture. (m.e./100 g. 
Al,03). Al,O,). 
Al,O3 (I). Al,( Ig (I). 
H;3P0, iia 527 2.55 H;PO, ? 40 485 4.1 
r NaH,PO, 5 60 
HPO, 75 
NaH,PO, }§ 25 608 2.73 NaH,»PO, 250 5.48 
H;P0, : 60 NaHePO, 50 
NaH »PO, 40 778 2.85 NasgHPO, 50 176 7-02 
H;PO, i 50 
NaH,PO, 50 683 2.6 Na,gHPO, 128 8.00 
Al,03 (B) Al,¢ Ig (E). 
H;PO0, 140 2.71 H;PO, 275 2.82 
H;PO, i 75 H;P¢ Ys ? 7 
NaH gP0, 25 125 3.15 NaH,PO, ) 25 260 3-43 
H3PO, ? 50 TI,PO0, ? 50° 
NaH,PO, $ 50 100 5.08 NaH,PQ, § 50 211 5.28 
NaH,PO, i ove 67 6.32 
NagHPO, eee 18 a 


It is observed from the above data that adsorption of phosphate by the different 
samples of Al,O, is very high at low pu; there is, however, an appreciable adsorption 
even in the neutral or alkaline region. 


That aluminium oxide is capable of anion exchange has been demonstrated by 
previous workers and the results given above corroborate it. The valency of the anion 
is importaut, an ion of higher valency being, in general, more effective than one of lower 
valency. The amount of adsorption gradually increases with the lowering of pf» up to 
about 3. Below this the solubility of aluminium oxide brings in complicating factors. 
Moreover, in the case of adsorption of phosphate or similar anions which form insoluble 
aluminium salts, they are likely to be irreversibly adsorbed i.e., the adsorbed anion is not 
replaceable by means of ordinary exchange process (vide infra); phosphate as well as 
arsenate and silicate belong to this category. The question therefore arises whether the 
adsorption of phosphate proceeds through the same mechanism as that which holds for 
anions like sulphate, chromate, etc. 


Another important distinction from other anions isthe much greater variation of 
adsorption of phosphate with fa. This may be due to the presence of H,PO,-, HPO,’ 
and PO,°" ions in the order of increasing proportions with increasing px. This will 
result in decreasing adsorption with increasing p, even if the adsorption in g. equiva- 
lent quantities remains the same. 
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With a view to finding the replaceability of the adsorbed phosphate by other anions, 
the following experiments were carried out. The phosphate was adsorbed by Al,O, (I) 
sol from a 0.05N-H;PO, solution. The phosphatised Al,0,; was washed with water 
and finally with aqueous alcohol until the wash liquid was free of phosphate. Differ- 
ent anions (column 1, Table IV) were then used to displace the adsorbed phosphate. 
For this purpose, the phosphatised material was repeatedly leached until the leachate 
showed negative test for phosphate. The amounts of phosphate retained were estimated 
by dissolving the residue in nitric acid. The results are shown in columns 2 and 3 of 
Table IV. It is found that the sum of the values in columns 2 and 3 is short of the total 
adsorption of phosphate determined by analysing the H;PO, solution before and after 
adsorption. The deficit is of the order of 100 m.e., which amount, apparently, is lost 


in the wash liquid. 
TABLE 1V 


Replacement of phosphate by other anions from phosphatised Al,Os (I). 
Total adsorption = 527 m. e./100 g. Al,Os. 


(PO,°~ washed with water and aqueous alcohol=100 m.e./100 g. Al,0;). 


Solution for replacement Phosphate (m. e.) Al in soln. 
of phosphate. Replaced. Retained. 
N-NH,NO; 225 200 Nil 
N-(NH,4)gSO, 230 200 
0.2N-NH,OH + 0.1N-NH,4NO; 360 62 - 
N-Ammonium oxalate 420 Nil 500 
N-Ammonium citrate 425 ma 550 
N-Ammonium fluoride 425 se 150 


The entire adsorbed phosphate cannot be replaced by NO,°, OH™~ and SO,"; 
even a partial replacement is a very slow process, and a long time of leaching with a 
large volume of solution is required for completing the process. No aluminium goes 
into solution by such a leaching. When, however, oxalate, citrate or fluoride is used 
as the replacing ion, the entire phosphate is removed; simultaneously, some aluminium 
also goes into solution. A part of this aluminium may be associated with phosphate, and 
it may come from AI,O, itself since the latter is appreciably soluble in the above salt 
solutions. In order to apportion the aluminium contribution by the solubility of the 
oxide, it becomes necessary to carry out separate experiments and make suitable correc- 
tions. For this purpose, it is expedient to use a coarser alumina which is provided by 
Brockmann’s alumina, Al,O,; (B). The amounts of Al dissolved from Al,0;(B) by 
N-ammonium oxalate (pf, 5), N-ammonium citrate {p, 5), N-NH,F (ps 7), N-ammonium 
sulphate were found to be 0.05, 0.05, 0.06, 0.00 m.e. in 100 ml. of solution respectively. 
Assuming that the unreacted portion of the alumina in the phosphatised material has the 
same solubility as that of the original alumina, suitable corrections can be made to the 
total soluble aluminium. The amounts of replaced phosphate and of dissolved alumini- 
um, corrected in the above manner, are shown respectively in columns 3 and 4 of Table V. 
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TABLE V 


Exchange of phosphate from phosphatised Al,O,(B). 


Total adsorption =198 m. e./100 g. 


Solutions used for exchange Al in soln Phosphate exchanged 
of phosphate. (m.e./100 g. AlgO3). (m.e./100 g. AlgOs). 
Uncorr. Corr. 
60 ml. N-ammonium fluoride Nil ae 172 
75 N- as sulphate = jek Il 
75 N- = oxalate 162 144 146 
75 N- = citrate 176 160 155 


The equivalence between aluminium and phosphate in the last two cases is to be 
particularly noted. ‘These results strongly suggest a chemical combination between 
aluminium and phosphate. A prepared sample of aluminium phosphate was in fact 
found to be appreciably soluble in solutions of ammonium oxalate and citrate. The 
displacing powers of various anions may be compared as follows: fluoride > citrate > 
oxalate > sulphate. 

‘The reaction on leaching with the fluoride solution is interesting. Both aluminium 
fluoride and its double salt with ammonium fluoride are very slightly soluble in water. 
This was also observed by the authors; the insolubility of Al,O, (B) in N-ammonium 
fluoride has already been mentioned. With Al,Q, (11), the solubility was found to be 
0.0035 g. or 2.1 m.e. of Al,O, per too ml. of N-ammonium fluoride. In the case of 
phosphatised alumina, ammonium fluoride evidently reacts with the aluminium phos- 
phate forming aluminium fluoride and ammonium phosphate. This explains absence 
of Al in the fluoride leachate (cf. Table V) and a proportionately smaller quantity of Al 
with respect to phosphate (cf. Table IV). 

Swenson, Cole and Sieling (Soil Sci., 1949, 67, 3) observed that when F/Al (atomic 
ratio) exceeded 6, AIF, was formed and the salt went into solution. This was not, how- 
ever, noticed in the present investigation even when F/Ai was much greater than 6. 


Chemical Reaction between Phosphate and Alumina on the Surface of the Alumina 


To find out the extent of chemical reaction, if any, between Al,O, and phosphate 
the following experiments were carried out. 

Al,O, (II) sol (50-100 ml.) was mixed with three times its volume of 0.1N-H,PO, 
and kept for several days at the ordinary temperature, then at 95° for about 40 hours. 
It was noticed that the suspension which had a large sedimentation volume, changed 
rapidly on heating, and after 26 hours of heating, the entire material settled at the bottom 
and looked like very fine crystals. The H,PO, solution contained about half of the 
total Al,O;. The precipitate was filtered and washed thoroughly first with water, then 
with 50% alcohol till the filtrate was free of phosphate. ‘The same sol was similarly 
treated with N-NH,H,PO, (px 4) solution. The analyses of the phosphatised materials 
are recorded in Table VI. 
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TABLE VI 
Al,034+-H,yPO,. Al,O3+ NH gH 2PO,. 
H,0 (up to 105°) 23.9% 3-0% 
H,0 (105°-ignition) 3.6 22.3 
Al,03 30.0 31.0 
P20; 42.5 43-5 


The chemical compositions of the phosphatised materials, as calculated from these 
data, correspond to AIPO,. $ H,O and AIPO,. 2H,0 respectively. 


Cole and Jackson (loc. cit.) found that three different aluminium phosphates were 
formed by treating a solution of AIC], and KH,PO, with NaOH under different condi- 
tions; the phosphate formed at px 3.8 had the composition AlPU,. 2H,O, which agreed 
with the formula of a known mineral, variscite. The compound prepared at the room 
temperature has been found to be the same as that prepared at 90°. The compound at 
the ordinary temperature is too fine to give definite X-ray diffraction pattern but its 
formation can be verified from the electron diffraction pattern. The compound formed 
at pa 5.5 corresponds to the mineral sterrettite Al(OH),. HPO,. H,PO,. Ensminger 
(loc. cit.) also showed from X-ray diffraction pattern that crystalline aluminium 
phosphates were formed by treatment of Al,O, with ammonium phosphate solutions at 
bu 4.25, 5.7 and 7.0 and the compounds formed at the latter two px values gave the same 
X-ray diffraction pattern, which again agreed with that of the compound precipitated 
® the same px from aluminium chlo,ide with ammonium phosphate. But the compound 
formed at pu 4.25 from Al,O, is different from that formed from AICI, at the same pu. 
Ensminger has not, however, given any analytical data. 


The analysis of the material obtained after treating Al,O, (11) with NH,H,PO, 
(ba 4) corresponds exactly to that of variscite and the px at which this has been prepared 
is very near the px at which varisc!te has been obtained by Cole and Jackson (Icc. cit.). 
From this it may be concluded that Al,O; treated with NH,H,PO, at 95° is converted 
into aluminium phosphate having the formula, AlfOH),. H,PO,. This fact, combined 
with Cole and Jackson’s observations on the formation of aluminium phosphate both 
at the ordinary temperature and at 90°, suggests that the interaction between colloidal 
alumina and NH,H,PQ, at the ordinary temperature should also lead to the formation 
of the same compound, but the low temperature does not favour complete conversion 
into the phosphate within the short period allowed. 


Al,O, (II) was kept with normal ammonium phosphate (pa 4.0) for 5 days, filtered 
and washed. The material on analysis gave HO, 25%; Al.Os, 44.7% and P,Os;, 30.3% 
and the ratio Al,O,:P,0;=2.05. The uptake of phosphate is too high to be accounted 
for by assuming adsorption taking place on the surface alone. The material may be 
regarded as a mixture of hydrated Al,U; and variscite. It the reaction is allowed to 
proceed for a longer period, the composition may probably be expected to approach that 
of variscite. At a still lower pu, e.g- 2.5, the compound formed may be designated as 


(AIPO,)s, H,0. 
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Aluminium, as we know, forms a very large number of phosphates having varying 
Al:P ratios and water contents. By the addition of a large excess of K,HPO, toa hot 
solutions of AlCl, such that the px of the solution did not rise above 3, a compound 
was prepared by the authors having the formula, Al,0;.P,0,;. 1.5 H,O. This also does 
not correspond to the composition of any known mineral. The aluminium phosphate 
so prepared has been found to be appreciably soluble in ammonium oxalate or citrate. 


The following two samples were X-rayed in order to identify new compounds, if 
any, formed as a result of phosphatisation : 


(a) Al,O; (I) treated with N-NH,H,PO,, washed with 60% alcohol, dried in air; 
PO, adsorbed, 900 m.e./1oo g. Al,Os. 


(b) Al,Os (I) treated with 0.05 N-H;PO,, washed with 60% alcohol, dried and 
ignited; PO, adsorbed, 500 m.e./100 g. Al, . 


Assuming the formation of, say AJPO,, the amounts of phosphate adsorbed in 
(a) and (b) correspond to 15.3% and 9.3% conversion of alumina to aluminium phos- 
phate. These percentages are just enough to give indication of compound formation 
by X-ray. The X-ray diffraction pictures* are, however, identical with that of the un- 
treated alumina. The observations do not therefore furnish any positive evidence of 
the formation of any crystalline phosphate such as AlPQO,. 


It is, however, likely that the crystallites of AlPO, formed, if any, are too small to 
produce characteristic X-ray diffraction lines ; this was also suggested by Cole and Jackson 
(loc. cit.). 

The authors’ thanks are due to Dr. S.K. Mukherjee, University College of Science 
& Technology, for giving necessary laboratory facilities and to Prof. S. N. Mukherjee 
of the Chemical Engineering Department, College of Engineering & Technology, Bengal 
for his kind interest. 

PHYSICAL CHEMISTRY SECTION, 
CHEMICAL ENGINEERING DEPARTMENT, 


COLLEGE OF ENGINEERING & TECHNOLOGY, BENGAL, ; 
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* X-ray diffraction pictutes were kindly taken by Dr. J. H. Affleck of the Department of Physics 
of the University of Missouri, U.S.A. and obtained through Dr. S. K, Mukherjee. 
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STUDIES IN FRIES MIGRATION, PART X. THE FRIES 
ISOMERISATION OF ESTERS OF 2:6-DIBROMOPHENOL 


By G. G. JosH1 AND N. M. SHAH 


The Fries migration of acetyl and benzoyl esters of 2:6-dibromophenol has been investigated. The 
results show that two bromine atoms in ortho positions do not contribute any steric effect. 


The Fries migration of various halogen-substituted phenolic esters has been studied 
by several workers (Klarmann, J. Amer. Chem. Soc., 1933, 55, 2576; Tarbell and 
Fanta, ibid., 1943, 65, 2169 ; Chakravarti, this Journal, 1939, 16, 153). 

Tarbell and Fanta studied the migration of 2 :6-dichlorophenyl esters and found 
that the reaction took place smoothly in the absence of any solvent, leading to the forma- 
tion of 4-acylphenol derivatives. The two ortho-chlorine atoms thus do not contribute 
any steric effect in this case. Fuson, Scot and Speck (J. Amer. Chem. Soc., 1941, 63, 
2843) have also arrived at a similar conclusion. 

The work described here relates to the Fries isomerisation of the acetate and benzoate 
of 2: 6-dibromophenol. 

2: 6-Dibromophenyl acetate on migration yields a product which has been assigned 
the constitution, 2 :6-dibromo-4-acetylphenol, since (i) it is the only possible product if 
the migration takes place normally, the two ortho positions being blocked up by two 
bromine atoms, (ii) its analysis agrees with the dibromo compound showing that none 
of the two bromine atoms are eliminated during the course of the reaction, (iii) the 
reaction is analogous to the migration of 2: 6-dichlorophenyl acetate which also affords 
a 4-acetyl compound and (iv) the migration product gives an acetyl derivative and a 
semicarbazone, indicating the presence of OH and COMe groups respectively. 2 :6- 
Dibromo-4-acetylphenol was synthesised by brominating p-hydroxyacetophenone, the 
mixed melting point with the migration product remaining undepressed. 


Similarly, 2: 6-dibromophenyl benzoate gives a product to which the constitution 
4-benzoyl-2 :6-dibromophenol has been assigned on the same grounds as above. How- 
ever, the yield of the benzoylketone was not satisfactory as a good amount of uncrystallis- 
able residue was obtained. When the reaction was attempted in nitrobenzene, most 
of the ester was recovered unchanged along with a trace of 4-benzoyl-2: 6-dibromo- 


phenol. 
EXPERIMENTAL 


2:6-Dibromophenol was prepared from 2:6-dibromo-4-aminophenol by replace- 
ment of amino group by OH according to the method of Tarbell and Fanta (loc. cit.). 
2:6-Dibromophenol was separated from the reaction mixture by steam distillation. 
It was collected as a heavy oil which gradually solidified on keeping. It was crystallised 
from alcohol in colorless needles, m.p. 56°, yield 6g. Mohlau (Ber., 1882, 18, 24094) 
gives the same melting point. 
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2:6-Dibromophenyl acetate was prepared by acetic anhydride-pyridine method 
by heating it on a water-bath for about 3 hours. On working it up as usual it was 
crystallised from alcohol in small colorless needles, m.p. 46°, yield 7g. (Found: Br, 
54-4. C,H,O,Br, requires Br, 54.4 per cent). 


Fries Migration of 2 :6-Dibromophenyil Acetate: Formation of 3 :5-Dibromo- 
4-hydroxyacetophenone 


Anhydrous aluminium chloride (2.1 g.) was intimately mixed with 2 :6-dibromo- 
phenyl acetate (1 g.) and the mixture heated in an oil-bath at 120° for about 1 hour. 
HCl fumes began to evolve at about 1oo°-105°. The reaction mixture was then 
treated with ice and HCI (3 ¢.c) ; the solid separating was collected and crystallised 
from alcohol, m.p. 184°, yield 06g. It is soluble in common organic solvents. It 
dissolves in alkali solution with a yellow colour. (Found: Br: 54.1. CsH,O,Br, requires 
Br, 54.4 per cent). 

The above reaction at 140° and 160° also gave similar results. The semicarbazone 
of the ketone, prepared by the usual method, crystallised from dilute alcohol in small 
thick needles, m.p. 245° (decomp.j). (Found: Br, 45.4. C,H,O,N,Br, requires Br, 
45.6 per cent). The acetate, prepared by acetic anhydride-pyridine method, crystallised 
from alcohol in small colorless needles, m.p. 111°. (Found: Br, 45.0. C,,H,O0,Br, 
requires Br, 47.6 per cent). 

Bromination of p-Hydroxyacetophenone : Formation of 4-Hydroxy-3 : 5-dibromo- 
acetophenone.—p-Hydroxyacetophenone (1 g.), dissolved in acidulated water (50 c.c. + 
5 ¢.c. conc. hydrochloric acid) was treated with the brominating mixture (32 c.c., 1N) 
slowly with stirring. ‘Ihe white solid separating was collected, washed with water 
and crystallised from alcohol in colorless, Justrous, flat needles, m.p. 183-84°, mixed 
melting point with the migration product being undepressed. 


Fries Migration of 2 :6-Dibromophenyl Benzoate : Formation of 3 :5-Dibromo- 
4-hydroxybenzophenone 


2:6-Dibromophenyl benzoate, prepared by the usual method, crystallised from 
alcohol in colorless lustrous plates, m.p. 68°. Borche and Ockinga (Annalen, 1905, 340, 
103) record the same melting point. 


(i) An intimate mixture of 2: 6-dibromophenyl benzoate (1 g.) and AICI, (1.4 g.) 
was heated in oil-bath at 120° for nearly 3 hours. The evolution of HCl fumes began 
at above 85° and slackened after 2 hours. The reaction mass wes treated with ice 
and HCl (3 c.c.) and the pasty solid obtained cou!d not be crystallised satisfactorily. 
Hence, it was extracted with dilute Na,CU, solution (10%) repeatedly. The insoluble 
brown solid could not be crystallised from any solvent. 


The alkaline extract on acidification gave a product which crystallised from dilute 
alcohol in colorless needles, m.p. 178°, yield 0.4 g. It is soluble in common organic 
solvents and dissolves in concentrated sulphuric acid with ared colour and in dilute alkali 
with a yellow colour. (Found: Br, 44.7: C,;H,O,Br, requires Br, 44.9 per cent). 

6 —1851P—3. 
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(ii) The above experiment on repetition at 140° and at 160° gave the same ketone 
along with uncrystallisable residue in the same yield. 


(ii) A solution of AICI, (1.4 g.) in dry nitrobenzene (10 c.c.} was gradually added 
with cooling to a solution of 2:6-dibromophenyl benzoate (‘1 g.) in the same solvent 
(5¢.c.). The solution was protected from moisture by a CaCl, guard-tube and left 
overnight at room temperature (25°-30°). It was then treated with HCI (3 c.c.) and 
subjected to steam distillation till no more of nitrobenzene was obtained. The conti- 
nuation of steam-distillation did not lead to separation of any other volatile product. 


The residual liquid in the flask was cooled; the solid obtained was filtered and 
extracted with NaHCO; ‘10%). ‘The extract on acidification gave only traces of 2 :6- 
dibromo-4-benzoy]phenol, identified by mixed melting point. The solid, insoluble in 
sodium carbonate, was washed and crystallised from alcohol in lustrous flakes, m.p. 68°, 
identified as unchanged 2:6-dibromophenyl benzoate by mixed melting point with an 
authentic sample. The semicarbazone of the ketone, prepared by the usual method, 
crystallised from acetic acid in small needles, m.p. 284° (decomp.). (Found: Br, 38.5. 
C,,H,,0,.N;Br. requires Br, 38.7 percent). The acetate, prepared by acetic anhy- 
dride-pyridine method, crystallised form alcohol in colorless needles, m.p. 88°. 
(Found: Br, 40.7. C,sH,0O3;Br, requires Br, 40.2 per cent). 

The authors express their thanks to the Government of India in the Ministry of 
Education for an award of a junior research scholarship to one of them ‘G.G.J.). 
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STUDIES IN FRIES MIGRATION. PART XI. THE FRIES MIGRATION OF 
ACYL ESTERS OF METHYL 1-HYDROXY-2-NAPHTHOATE, METHYL 
2-HYDROXY-3-NAPHTHOATE AND THE CORRESPONDING 
ACIDS 


By G. G. JosH1 AND N. M. SHAH 


Methyl 1-acyloxy-2-naphthoate yielded on Fries migration methyl 1-hydroxy-4-acyl-2-naphthoate 
and/or the corresponding keto-acid, the migration taking place in the para position to the hydroxy 
group. The keto-ester on hydrolysis gave the keto-acid which was decarboxylated to the known 4-acyl-1- 
naphthol. Methyl 2-acyloxy-3-naphthoate on migration gave methyl 1-acyl-2-hydroxy-3-naphthoate and 
the corresponding keto-acid. For comparison, the above hydroxynaphthoic acids and their methyl 
esters have also been subjected to Friedel-Crafts acylation, affording in excellent yields the keto com- 
pounds, identical with the migration products. 


In extension of the work on the Fries migration described in earlier parts of this 
series (Shah etal., this Journal, 1946, 28, 199, 234; 1948, 25, 377; 1049, 26, 235; 1950, 
27, 531; 1952, 29, 225, 351, 915) the present investigation was undertaken to study the 
Fries migration of different acyloxynaphthoic acids and their methyl esters as hardiy 
any work has been done in this direction. 1-Hydroxy-2-naphthoic and 2-hydroxy-3- 
naphthoic acids were selected for the above purpose so that the results could be compared 
with those of the analogous benzene derivatives. 

Methyi 1-acetoxy-2-naphthoate (I, R=R,=Me) migrated at 110°-115° affording a 
product from which two substances were isolated by treatment with sodium bicarbonate. 
The bicarbonate-soluble product on acidification gave a yellow solid which was found 
to be 1-hydroxy-4-acetyl-2-naphthoic acid (II, R=Me; R,=H) as (i) it dissolved with 
effervescence in sodium bicarbonate, and on esterification yielded the methyl ester, iden- 
tical with methy! 1-hydroxy-4-acetyl-2-naphthvate obtained as the migration product; (ii) 
it gave ferric chloride colour test ; iii) it gave on decarboxylation 4-acetyl-1-naphthol 
(Joshi and Shah, this Journal, 1951, 29, 225) and (iv) it was identical with 1-hydroxy-4- 
acetyl-2-naphthoic acid prepared by (a) Friedel-Crafts acetylation of 1-hydroxy-2- 
naphthoic acid and (b) by hydrolysis of 2-methyl-3:6-diacetyl-1:4-%-naphtha-y-pyrone 
(1II, R=Me; Desai, Akram and Kamal, Proc. Ind. Acad. Sci., 1940, 11A, 160). The 
bicarbonate-insoluble residue was identified as methyl 1-hydroxy-4-acetyl-2-naphthoate 
by nixed m.p. with the ester obtained above, as it on hydrolysis gave the keto-acid, 
identical with the one described above. 
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Methyl 1-benzoyloxy-2-naphthoate (I, R=Ph; R,=Me) on similar migration at 
130°-140° gave a product which could not be properly crystallised. On extraction with 
dilute alkali, a large quantity of an insoluble product was left over which defied all 
attempts for crystallisation, a brown limpid mass separating. The alkaline filtrate on 
acidification gave a small quantity of the product, which on treatment with sodium 
bicarbonate as before, gave 4-benzoyl-1-hydroxy-2-naphthoic acid ‘II, R=Ph; R,=H) 
which was decarboxylated to 4-benzoy!-1-naphthol. The bicarbonate-insoluble residue 
was too small in quantity for further work : -hence it was collected from several reactions 
and was found to be the keto-ester as it on hydrolysis gave the above 4-benzoyl-acid. 
Further, the Kostanecki-Robinson acetylation of 2-acetyl-4-benzoyl-1-naphthol gave 
2-methyl-3-acetyl-6-benzoyl-1 : 4-*-naphtha-y-pyrone (III, R=Ph) (Joshi, Ph.D. Disser- 
tation, Bom. Univ., 1952), which on hydrolysis gave the same 4-benzoyl-acid (Il, R=Ph; 
R,=H). For comparison, the above ketonic products were also prepared by the Friedel 
Crafts acetylation and benzoylation of t-hydroxy-2-naphthoic acid and its methyl ester, 
the reaction taking place smoothly with excellent yields of the ketonic compounds. 
It may be mentioned here that the methyl ester was found not to undergo hydrolysis 
during the course of the reaction in contrast to the Fries reaction. 

The Fries migration of methyl 2-acetoxy-3-naphthoate (IV, R=R,=Me) at 100°- 
105° gave a product which on extraction with sodium bicarbonate left an insoluble 
residue. It wasfound to be methyl 1-acetyl-2-hydroxy-3-naphthoate (V, R=R,= Me), 
identical with the keto-ester obtained by the Friedel-Crafts acetylation of methy! 2- 
hydroxy-3-naphthoate. On hydrolysis, it gave 1-acetyl-2 hydroxy-3-naphthoic acid (V, 
R=Me; R,=H), identical with the acid obtained in small quantity by the acidification 
of the bicarbonate-soluble portion. On the Kostanecki-Robinson acetylation the keto- 


ester gave the chromone (VJ, R, = Me). 
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Methyl 2-benzoyloxy-3-naphthoate smoothly migrated in nitrobenzene at room tem- 
perature, methyi 1-benzoyl-2-hydroxy-3-naphthoate (V, R=Ph; R,=Me) being obtained 
which was hydrolysed to 1-benzoyl-2-hydroxy-3 naphthoic acid (V, R=Ph, R,=H), 
identical with the acid obtained by the Friedel-Crafts benzoylation of 2-hydroxy-3- 
naphthoic acid. It may be noted here that these keto-acids are stable and could not 
be decarboxylated (vide, Schwenk et al., Chem. Ztg., 1929, 58, 207, 333)- 

It may be mentioned here that different conditions were tried to effect the migration 
in the other nucleus not containing kydroxy group, but it did not succeed in any of the 


acids and their esters. 

__ From the results, it is clear that 1-hydroxy-2-naphthoic acid behaves like salicylic 
acid, the migration occurring in para position to hydroxyl group, whereas, in the case of 
isomeric 2-hydroxy-3-naphthoic acid, or{ho migration has been found to occur. 
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ExPERIMENTAL 


1-Hydroxy-2-naphthoic acid required for this investigation was prepared by car- 
boxylation of 2-naphthol in excellent yield, m.p. 193-94° (decomp.); melting point recor- 
ded by various workers varied from 186° to 195°. Esterification with MeOH-H,SO, gave 
methyl 1-hydroxy- 2-naphthoate, m.p. 77°. 


Fries Migration of Methyl 1-Acetoxy-2-naphthoate : Formation of 1-Hydroxy- 
4-acetyl-2-naphthoic Acid and its Methyl Ester 


Methy] 1-acetoxy-2-naphthoate, prepared by Ac.O-NaAc method, crystallised from 
alcohol as clusters of colorless, slim needles, m.p. 83°. (Found: C, 68.6; H, 4.8. C,,H,.0, 
requires C, 68.8; H, 4.9 percent). It is soluble in common organic solvents but in- 
soluble in sodium hydroxide. It gives no colour with alcoholic ferric chloride. 

An intimate mixture of methyl 1-acetoxy-2-naphthoate ‘5.0 g., 1 M) and anhydrous 
AIC], (9.0 g-, 3-3 M) was heated in oil-bath at 110°-115° (CaCl, guard tube) for 1 hour. 
The reaction started at 80° with copious evolution of HCl gas. It was then treated 
with cold water when a yellow solid separated which was collected, washed with water 
and treated with NaHCO, solution (5%) and filtered. 


The filtrate on acidification with HCl gave a solid which crystallised from alcohol 
in pale yellow needles, m.p. 208° (decomp.), yield 3.5 g., mixed melting point with 
1-hydroxy-4-acetyl-2-naphthoic acid, prepared by the Friedel-Craft reaction of 1-hydroxy- 
2-naphthoic acid as well as by hydrolysis of 2-methyl 3 :6-diacetyl-1 : 4-*-naphtha-y- 
pyrone, being undepressed. (Found: C, 67.7; H, 4.1; equiv., 232.9. Calc. for C,;H,,Ox4: 
C, 67.8; H, 4.3 per cent. Equiv., 230). Desai et al. (loc. cit.) give m.p. 216° (decomp.). 
Desai and Hamid (Proc. Ind. Acad Sci., 1941, 18A, 126} report m.p. 219-220°. In 
spite of several recrystallisations, the m.p. could not be raised. 

The NaHCU,-insoluble product was washed with water and crystallised from alcohol 
in pinkish transparent plates, m.p. 133°, yield 0.8 g. (Found: C, 68.7; H, 4.8. CigHi2Ox 
requires C, 68.8; H, 4.9 per cent). 

Both the keto-acid and the ester gave a blue colour with alcoholic ferric chloride, 
while aqueous solution gave a bluish green colour. It dissolves with non-fluorescent 
orange colour in alkali and with a yellow colour in H,SQ, (conc.). 


The above migration was investigated at 130°, 150° and 170° but the same products 
were obtained; at higher temperatures more keto-acid (3.5-4.0 g.) was obtained, hydro- 
lysis of the ester occurring with the migration. 

The hydrolysis of the keto-ester (1.0 g.) by NaOH (gu c.c., 10%) by keeping at 
room temperature for 24 hours, gave 1-hydroxy-4-acetyl-2-naphthoic acid, m.p. 208° 
(decomp.), mixed m.p. with the migration product being undepressed, yield 0.6 g. 


The esterification of the keto-acid gave the corresponding ester, m.p. 133°; mixed 
m.p. with the ester directly obtained by migration was unchanged. 

Decarboxylation of 1-Hydroxy-4-acetyl-2-naphthoic Acid: Formation of 4-Acetyl-1- 
naphthol.—The acid (1.0 g.) was heated at 200° for 2 hours and then treated with 
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water. The solid obtained was crystallised from alcohol as lustrous prismatic needles, 
m.p. 200°, mixed m.p. with 4-acetyl-1-naphthol remaining undepressed (Joshi and Shah, 
(loc, cit.). 


Fries Migration of Methyi 1-Benzoyloxy-2-naphthoate: Formation of 4-Benzoyl-1-hydro- 
xy-2-naphthoic Acid and Methyl 1-Hydroxy-4-benzoyl-2-naphihoate 


Methyl 1-benzoyloxy-2-naphthoate, prepared by benzoyl chloride-pyridine method, 
crystallised from acetic acid in colorless needles, m.p. 158°. (Found: C, 74.4 ; H, 4.4 
C,.H,,0, requires C, 74.5; H, 4.6 per cent). It is insoluble in NaOH and gives no 
colour with FeC],. 

An intimate mixture of methyl 1-benzoyioxy 2-naphthoate (10.0 g., 1 M) and AICI, 
(14.5 g., 3.3 M) was heated for 2 hours at 130°-140°. The solid, obtained after usual 
treatment with ice ard HCl, was extracted with dilute alkali; a large quantity of an 
insoluble product was left over. The alkali-soluble filtrate on acidifying gave a small 
quantity of a solid. It was extracted with NaHCO, (5%) and filtered. The filtrate on 
acidification gave a white solid which was collected and crystallised from alcohol as 
colorless slim needles, m.p. 200-201° (decomp.). (Found: C, 73.8; H, 4.0; equiv., 
289.7. C.isH;.0, requires C, 74.0; H, 4.1 per cent. Equiv., 292). 

The bicarbonate-insoluble product was washed with water and crystallised from 
alcohol in lustrous, pink, prismatic crystals, m.p. 147°. (Found: C, 74.4: H, 4.6. 
C,9H,,0, requires C, 74.5; H, 4 6 per cent). 

The alkali-insoluble product defied all attempts to crystallisation from any solvent or 
mixtures of solvents. 


Both the ester and the acid are soluble in NaOH solution with a yellow colour and 
givea bluish green colour with EtOH-FeCl,. Both are soluble in common organic 
solvents but the acid is sparingly soluble in benzene and petrol. 

The above migration, when carried out at 165°-170° and 180°, gave only the keto- 
acid and uncrystallisable solid as before. 

The isomerisation was also carried out in nitrobenzene ‘50 c.c.) asa solvent at room 
temperature for 24 hours. After removing nitrobenzene by steam distillation, the solid 
obtained was repeatedly extracted with dilute cold NaOH (10%). The alkaline filtrate 
on acidification gave the keto-ester, m.p. and mixed m.p. 147° {1.2 g.). The alkali-in- 
soluble product was treated with hot alcohol and filtered. The filtrate deposited color- 
less needles, m.p. 158°, identified as original unchanged benzoate. If the migration was 
repeated at 100° for 2 hours, no crystalline product could be obtained. 

The hydrolysis of the above ester by NaOH (10%) gave the acid, crystallised from 


alcohol as colorless needles, m.p. 201° (decomp.), mixed m.p. with the keto-acid 
obtained by the Friedel-Crafts benzoylation of 1-hydroxy-2-naphthoic acid remaining 


unchanged. 2-Methyl-3-acetyl-6-benzoyl-1 : 4-%-naphtha-y-pyrone was hydrolysed by 
heating with sodium hydroxide, the identical acid being obtained. 
The methyl ester of the keto-acid, prepared by MeOH-H,S0, method, melted at 
147°, mixed m.p. with methyl 1-hydroxy-4-benzoyl-2-naphthoate being undepressed. 
The decarboxylation of the keto-acid {1.0 g.) was carried out by heating it at its melt- 








in; 
mi 
pr 
co 


ur 


mM 


Pr 
of 
ch 
pe 
di 
pl 


1 


be 


ih ts A 








0- 











STUDIES IN FRIES MIGRATION 927 





ing point. ‘The product crystallised from alcohol in chocolate prismatic needles, m.p. and 
mixed m.p. 164° with 4-benzoyl-1-naphthol. The benzoate of 4-benzoyl-1-naphthol, 
prepared by benzoyl chloride-pyridine method, crystallised from alcohol as clusters of 
colorless lustrous squares, m.p. 115°, mixed m.p. with an authentic sample remaining 
undepressed. 

It may be mentioned that contratry to the statement of Schmitt and Burkard (Ber., 
1887, 20, 2699) 1-hydroxy-2-naphthoic acid could not be acylated even by different 
methods (vide also Lesser and Gad, Ber., 1926, 59B, 233). 

Friedel-Crafts Acylation of Methyl 1-Hydroxy-2-naphthoate and the Free Acid.— 
Powdered AICI, (4.0 g., 1.1 M) was added in small quantity at a time over a period 
of 2 hours toa solution of methyl 1-hydroxy-2-naphthoate (5.0 g., 1 M) and acetyl 
chloride (3.0 g., 1.1 M) in dry nitrobenzene (30 c.c.) and the mixture left at room tem- 
perature for 24 hours. It was then decomposed by ice and HCl (10 c.c.). After steam 
distil'ation of nitrobenzene, the solid obtained was crystallised from alcohol as brown 
prismatic crystals, m.p. 133°, identical with the migration product, yield 4.5 g. 

Similarly, the Friedel-Crafts benzoylation of the ester by benzoyl chloride gave 
methy: 1-hydroxy-4-benzoyl-2-naphthoate in excellent yield. 1-Hydroxy-2-naphthoic 
acid was similarly subjected to the Friedel-Crafts acylations, the ketonic acids obtained 
being identical with the migration products. 

Derivatives of Methyl 1-Hydroxy-4-acetyl-2-naphthoate.—The acetyl derivative, 
prepared as usual, crystallised from alcohol in thin needles, m.p. 102°. (Found: C, 
67.0; H, 4.7. CieH,.O; requires C, 67.1 ; H, 4.c per cent). The benzoyl derivative, pre- 
pared by benzoyl chloride-pyridine method, crystallised from alcoho] in clusters of lustrous 
needles, m.p. 119°. (Found: C, 72.3; H, 4.5. C.,:H,.0; requires C, 72.4; H, 4.6 per 
cent). The oxime, prepared as usual, crystallised from alcohol as lustrous needles, m. p. 
216° (decomp.). ‘The semicarbazone, prepared as usual, crystallised from alcohol in 
needles, m.p. 226° (decomp.). The 2:4-Dinitrophenylhydrazone crystallised from alcohol 
in lustrous red needles, m.p. 251° (decomp.). 

Derivatives of Methyl 1-Hydroxy-4-benzoyl-2-naphthoate.—The acetate crystallised 
from alcohol as clusters of colorless needles, m.p. 145°. ‘Fouud: C, 72.2 ; H, 4.4. 
C,,H,.O; requires C, 72.4; H, 4.6 percent). ‘The benzoate crystallised from alcohol in 
colorless, lustrous, short, cottony needles, m.p. 157°. (Found: C, 77.3; H, 4.0. CosH,sOs 
requires C, 77.4; H, 4.1 per cent). ‘The oxime crystallised from alcohol, m.p. 192-93° 
(decomp.). 


Fries Migration of Methyl 2-Acetoxy-3-naphthoate: Formation of Methyl 1-Acetyl- 
2-hydroxy 3-naphthoate and 1-Acetyl-2-hydroxy-3-naphthoic Acid 


2-Hydroxy-3-naphthoate was prepared according to the method of Cohen and Dudley 
(J. Chem. Soc., 1910, 91, 1743). Methyl 2-acetoxy-3-naphthoate, prepared by Ac,O- 
NaAc method, crystallised from dilute alcohol in colorless lustrous needles, m.p. 98-99°. 
Gradenwitz (Ber., 1894, 27, 2624) gives m.p. 101°. 

An intimate mixture of methy! 2-acetoxy-3-naphthoate (2.5 g., 1 M) and anhydrous 
AICI, (4.5 g., 3-3 M) was heated at 100°-105° in an oil-bath for 1 hour (CaCl, guard 
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tube.). The reaction started at about 75°-f0° when HCi fumes began to evolve. It 
was then treated with acidified water; the yellow solid was collected und extracted with 
sodium bicarbonate and the extract was acidified when a yellowish solid was obtained 
which was washed with water and crystallised from dilute alcohol as pale yellow needles 
m.p. 193°, yield 0.4 g. Meisenheimer et al. (Annalen, 1932, 495, 249) have recorded the 


same melting point. 
The bicarbonate-insoluble product was washed with water and crystallised from 


alcohol in slim, pointed needles, m.p. 143°, yield 1.3 g. 
Both the keto-acid and the ester are soluble in NaOH solution and H,SO, (conc.) 


with non-fluorescent intense yellow colour and give bluish green coloration with 


alcoholic FeCl,. 

The above migration at 120° and at 140° gave similar results with increasing amount 
of the keto-acid. 

The hydrolysis of the keto-ester was carried out as before. The acid crystallised 
from dilute alcohol in needles, m.p. 193°, mixed m.p. with 1-acetyl-2-hydroxy-3-naph- 
thoic acid being undepressed. The ester of the keto-acid, prepared as _ usual, crystallised 
from alcohol in yellow needles, m.p. 143°. 

Fries Migration of 2-Acetoxy-3-naphthoic Acid: Formation of 1-Acetyl-2 hydroxy- 
3-naphthoic Acid.—2-Hydroxy-3-naphthoic acid could not be easily acylated (Granden- 
witz, loc. cit. cf. Lesser and Gad, loc. cit.). 

2-Hydroxy-3-naphthoic acid (5.0 g., 1 M), acetic anhydride (2.5 g., 1.1 M) anda 
drop of concentrated sulphuric acid were heated on a water-bath for 3 hours. After 
wotking up as usual, the product crystallised from alcohol in lustrous rectangular plates, 
m.p. 178°, yield 4.4. g- Grandenwitz (loc. cit.) gives the same m.p. 

A mixture of 2-acetoxy-3-naphthoic acid (2.3 g., 1M) and anhydrous AICI, (4.4 g., 
3.3 M) was heated at 140° fer 1 hour. The reaction mixture was worked up as before. 
‘Lhe solid crystallised from alcohol in pale yellow needJes; m.p. and mixed m.p. with 
1-acetyl-2-hydroxy-3-naphthoic acid obtained above was 193°, yield 1.8 g. 

The above migration at different temperatures gave the same product. 

The Friedel-Crafts acetylation of 2-hydroxy-3-naphthoic acid and its methyl ester 
gave the keto-acid and the keto-ester respectively, ideutical with the migration products. 

Kostanecki-Robinson Acetylation of Methyi 1-Acelyl-2-hydroxy-3-naphthoate: For- 
mation of Methyl (2'-Methyl-3'-acetyl-1’:4’-B-naphtho-y-pyrone)-3-naphthoate.—A mix- 
ture of the keto-ester (1.0 g.), sodium acetate (2.0 g.) and acetic anhydride (10-12 c.c.) 
was refluxed at 165°-170° for 10-12 hours. It was then treated with water and ‘the 
product crystallised from alcohol and recrystallised from benzene in clusters of color- 
less flat plates, m.p. 178°. (Found : C, 69.6; H, 4.4. CisH,,O; requires C, 69.7; H, 4.5 
per cent). 

The chromone does not give any colour with alcoholic ferric chloride and is insoluble 
in sodium hydroxide. It gives a non-fluorescent intense ycllow colour with concentrated 


sulphuric acid. 
The hydrolysis of the above chromone-ester (0.5 g.) was carried out in H,SO, (10 c.c., 


50%) by keeping it for 24 hours; the solid separating was treated with NaHCO,. ‘The 
solid obtained on acidifying the bicarbonate filtrate, crystallised from alcohol as clusters 
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of colorless needles, m.p. 230-31°. (Found: C, 68.7; H, 3.8; equiv., 207.3. CirH,20; 
requires C, 68.9 ; H, 4.0 per cent. Equiv., 296.0). 

The Kostanecki-Robinson acetylation of 1-acetyl-2-hydroxy-3-naphthoic acid was 
carried out as before. The solid obtained crystallised from alcohol in colorless needles, 
m.p. 230-31°; the mixed m.p. with the above acid remained undepressed. ‘fhe 
esterification of the chromone-acid by methyl alcohol-sulphuric acid gave the ester which 
crystallised from alcoho! and recrystallisd fro:n benzene, m. p. 178°, the mixed m.p. with 
the above chromone-ester being unchanged. 


Derivatives of Methyl 1-Acetyl-2-hydroxy-3-naphthoate.—The acetyl derivative, pre- 
pared by Ac,O-NaAc method, crystallised from alcohol in colorless needles, m.p. 98°. 
(Found: C, 67.0; H, 4.7. C..H,,O0s requires C, 67.1; H, 4.9 percent). ‘The oxime 
crystallised from alcohol in rhombohedral crystals, m.p. 191° (decomp.}. The semuicar- 
bazone crystallised from alcohol in thin yellow needles, m.p. 208-209° (decomp.). ‘Th2 
2:4-dinitrophenylhydrazone crystallised from alcohol in orange lustrous needles, m.p. 
149° (decomp.). 

Derivatives of 1-Acetyl-2-hydroxy-3-naphthoic Acid.—The semicarbazone crystalli- 
sed from alcohol in needles, m.p. 248-49° (decomp.). The 2:4-dinitrophenylhydrazone 
crystallised from alcohol in red flat needles, m.p. 250° (decomp.). The chalkone, derived 
from the keto-acid by condensing with benzaldehyde in presence of alkali, crystallised 
from alcohol in yellow needles, m. p. 175-76°. (Found: C, 75.2; H, 4.2; equiv., 312. 
C..H,,0, requires C, 75.4 ; H, 4.4 per cent. Equiv., 318). 


Fries Migration of Methyl 2-Benzoyloxy-3-naphthoate : Formation of 
Methyl 1-Benzoyl-2-hydroxy-3-naphthoate 


Methyl 2-benzoyloxy-3-naphthoate, prepared by benzoyl chloride-pyridine method, 
crystallised from acetic acid in lustrous pointed flat needles, m.p. 139°. (Found: C, 
74.4; H, 4.5. CisH,.0, requires C, 74.5; H, 4.6 per cent). 

Methyl 2-benzoyloxy-3-naphthoate (5.0 g., 1M}, dissolved in nitrobenzene (10 C.C.), 
was added to a similar solution of AICI, ‘5.0 g., 3.3 M) in nitrobenzene (40 c.c.) with 
stirring over a period of 2 hours (CaCl, guard tube). It was then kept at room tempera- 
ture for 48 hours and then decomposed by ice and HC! (15 c.c.). Nitrobenzene was 
steain distilled off. On further continuing steam distillation, a yellow solid began to 
come out with steam. It was collected and crystallised from alcohol in greenish yellow 
needles, m.p. 76°, yield 0.4 g. and characterised as methyl 2-hydroxy-3-naphthoate by 
mixed m.p. with an authentic sample. 

The contents of the flask were filtered hot and the solid obtained on the filter paper 
was extracted with cold NaOH (2N). The filtrate on acidification gave a solid which 
crystallised from alcohol in colorless needles, m.p. 154°, yield 1.1 g. (Found: C, 74.2; 
H, 4.5. CyoH,,O, requires C, 74.5; H, 4.6 per cent). 

Methyl 1-benzoyl-2-hydroxy-3-naphthoate gives a brownish blue colour with alcoho- 
lic ferric chloride, yellow colour with alkali, and a red colour with concentrated sulphuric 
acid. 
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‘The alkali-insoluble product was extracted with boiling alcohol, when only a part 
of it dissolved. ‘The filtrate, on cooling, gave a brownish solid which was recrystallised 
from alcphol in flat needles, m.p. 138-39°, yield 2.5 g., identified as unchanged benzoate. 

The alcohol-insoluble product (1.9 g.) could not be crystallised satisfactorily from 
any solvent. 

The hydrolysis of methyl 1-benzoyl-2-hydroxy-3-naphthoate gave the keto-acid, 
crystallised from alcoho! in lustrous plates, m.p. 257°. (Found: C, 74.0; H, 4.0; equiv., 
292.2. C,sH,.0, requires C, 74.0; H, 4.1 percent. Lquiv., 292). ‘The keto-acid gives 
a red colour with sulphuric acid and a yellow colour with alkali. It gives bluish black 
colour with alcoholic ferric chloride. 

The ester of the keto-acid, prepared as usual, crystailised foom alcohol in lustrous 
needles, m.p. 154°, mixed m.p. with methyl 1-benzoyl-2-hydroxy-3-naphthoate being 
undepressed. 

Fries Migraiion of 2-Benzoyloxy-3-naphthoic Acid: Formation of 1-Benzoyl-2- 
hydroxy-3-naphthoic Acid.—2-Benzoyloxy-3-naphthoic acid was prepared by benzoyl 
chloride-pyridire method. On working up as usual, the product was crystallised twice 
from methyl alcohol as white granules, m.p. 203-204°. LEistert (Annalen, 1944, 556, 91) 
gives the same melting point. 

The migration was carried out as before in nitrobenzene; the kcto-acid obtained 
was identical with an authentic sample of 1-benzoyl-2-hydroxy-3-naphthoic acid, descri- 
bed above. , 

The Friedel-Crafts benzoylation of 2-hydroxy-3-naphthoic acid and its methyl ester 
also yielded the same keto-acid and the keto-ester. 

The acetate of methyl 1-benzoyl-2-hydroxy-3-naphthoate, prepared by Ac,O-NaAc 
method, crystallised from alcohol in clusters of colorless plates, m.p. 113°. (Found: 
C, 72.2; H, 4.5. C2,H Os requires C, 72.4; H, 4.6 per cent}. Tle oxime crystallised 
from alcohol as granules, m.p. above 280°. The benzoate, prepared by benzoyl! ch!oride- 
pyridine method, crysta'lised from alcohol in pale yellow rl:iombohedral crystals, m.p. 
155-56°. (Found: C, 77.3; H, 4.0. C2sH,,O; requires C, 77.4; H, 4.1 per cent). The semi- 
carbazone crystallised from alcohol in lustrous orange crystals, m.p. 192-93° (decomp.). 

Work on other isomeric hydroxynaphthoic acids is in progress. 

The authors express their grateful thanks to the Ministry of Education, Government 
of India for an award of a junior research scholarship to one of them (G.G.J.) during the 
course of this work. 
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STUDIES ON VITAMIN-A IN SOLUTION. PART VI. STABILITY 
IN RELATION TO CONCENTRATION AND CHEMICAL FORMS 
OF VITAMIN-A AND SOLVENTS 


By SUKHAMOY BHATTACHARYA, N. K. CHOWDHURY AND U. P. Basu 


Stability of vitamin-A alcohol, acetate and palmitate in various solvents has been studied at high 


and low concentrations in relation to peroxide formation. 


In continuation of the previous work of this series (Basu and Bhattacharya, this 
Journal, 1949, 26, 419, 459; 1950, 27, 169) studies have been made on the stability of 
vitamin-A alcohol or esters in various solvents. ‘The behaviour of vitamin -A in the 
alcohol or ester (acetate and palmitate) forms varies considerably at high and low activity. 
The relationship between the stability of vitamin-A and peroxidation of the systems 


has also been investigated. 
EXPERIMENTAL 


The vitamin-A materials used were vitamin-A concentrate having a potency of 1 x 10° 
I.U./g. in the form of alcohol, crystalline vitamin-A acetate of Distillation Products 
Inc., U.S.A. and vitamin-A palmitate having an activity of 1.69x10° I.U./g., 
generously supplied by Chas Pfizer & Co. Inc., U.S.A. 

2.Tocopherol of Merck & Co., U.S.A and n-propy! gallate (m.p. 146-48°), prepared 
in the laboratory, were employed as antioxidants. Citric acid used was of analytical 
reagent quality and ascorbic acid of B. P. specification. 

Amongst the solvents used in these experiments three were vegetable oils and one 
was mineral oil, viz. liquid paraffin of B.P. and U.S.P. quality. Of the vegetable oils, 
arachis oil and sesame oil were extracted from their respective seeds in the laboratory 
and refined. ‘The remaining one, namely the olive oil, was obtained from the market. 
These oils otherwise satisfied the B.P. specifications and had acid and peroxide values 


as mentioned in Table [. 


TABLE I 
Characteristics. Arachis oil. Olive oil. Sesame oil. 
Acid value 0.04 1.0 1.4 
7.8 5.6 


Peroxide value 7.0 


Acid and Peroxide Values.—Acid value of the oils was determined by the B.P. 
method. Peroxide value was noted by following the method described by Mukherjee 


(this Journal, 1950, 27, 87). Peroxide value (P.V.) has been expressed in terms of 


number of c.c. of v.co2N-thiosulphate required per g. of oil. 
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Vitamin-A Preparations 


(a) With High Potency.—Vitamin-A concentrate containing vitamin-A alcohol 
was dissolved in cach of the media, viz. olive oil, arachis oil, sesame oil and liquid 
paraffin, in such a way that the potency of the vitamin-A iu the final preparation was 
about 20,000 1.U./g., the exact potency of which was determine. by avalysis. Vitamin-A 
acetate and vitamin-A palmitate were similarly dissolved in the vehicles mentioned 
above. 

Each of the preparations made with alcoliol, acetate and palmitate forms of vitamin-A 
in the vehicles, mentioned above, was divided into five parts, volume of each portion 
being 10 c.c. These 5 parts were treated as foilows: 

(1) One part was kept as it was without the addition of any adjuvant. 

{2) ‘To the second portion was added 0.1% %-tocopheroi. 
(3) Tothe third one was incorporated 0.05% propyl galiate. 
(4) To the fourth part were added 0.05% propyl gallate and 0.02% citric acid. 


(5) ‘The fifth one was mixed with 0.05% propyl gallate and 0.02% ascorbic acid. 


2-Tocopherol, propyl gallate, citric acid and ascorbic acid were added trom their 
solutions in absolute alcohol and the volume of solution added was o.2 c.c. Absolute 
alcohol (0.2 c.c.) was added to the samples to which no adjuvant was incorporated. 

The sixty preparations, thus made, were taken into amber coloured neutral phials 
of 30 c.c. capacity with narrow mouths and were kept in a vacuum desiccator (CaCl,) 
for 6 hours, evacuating for 30 minutes every 2 hours and then kept in the same desiccator 
overnight in order to remove alcohol. On the next day the mouths of the phials were 
joosely closed with cotton plug to allow access of air and all the systems were kept at 
a temperature of 37°-38° in an electrically controiled oven. 

Samples from the preparations were withdrawn at intervals and were assayed for 
their vitamin-A content and peroxide values. The percentage loss of the vitamin-A 
activity and the peroxide values after keeping the preparations at the above temperature 
for 4 weeks are recorded in Table Il. 

(b) With Low Potency.—The alcohol, acetate and palmitate forms of vitamin-A 
were dissolved individually in arachis oil in such a way that the final potency of the 
preparations were about 3,0001.U./g. The preparations made with the alcohol and 
acetate forms of vitaumin-A were divided into two 10 c.c. portions of which one part was 
kept as it was, while the other was fortified with 0.05% propyl gallate. 

The vitamin-A palmitate system was studied more thoroughly and five of its 10 c.c. 
portions were treated exactly in the same way as those with high potency, described 
above, and to the sixth ro ¢.c. portion was added 0.02% citric acid from an alcoholic 


solution. 

These ro systems were subjected to operations similar to those with high potency 
kept in an electric oven at 37-38° and assayed for vitamin-A contents and peroxide 
values at intervals. The results at the end of 28 days are shown in Table III. 
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Vitamin-A Assay 


The potency of vitamin-A of the preparations made with the different forms of the 
vitamin in various vehicles was determined as follows: 

About o.1 g., accurately weighed, of the preparations coutaining vegetable oils, was 
shaken with 25 ¢.c. absolute alcohol in a 25 c.c. measuring flask. Aliquots from this 
alcoholic solutions of vilamin-A were suitably diluted with absolute alcoholand the 
potency was determined with the help of Adam-Hiiger Vitameter-A (cf. Basu and 
Bhattacharya, this Journal, 1949, 26, 419). In case of preparatious made with liquid 
paraffin, 0.1 g. was dissolved in 5 c. c. ether aud the volume was made up to 25 c.c. with 
absolute alcohol. Aliquots of this solution were used for the determination of the 
potency of vitamin-A. 

The above method of direct estimation of vitamin-A was applied to the systems 
cuntaining liquid paraffin in all cases and to those containing vegetable oils having a 
ininimum potency of 10,0c0 1.U./g. Samples from preparations of oils containing less 
than 10,000 1.U./g. were assayed by saponifying the oil with alcoholic potash, extracting 
the unsaponifiable matter with peroxide-free ether and firally using the alcoholic solu- 
tion of the unsaponifiable matter in the vitameter-A (Joc. cit.). The systems I-V in 
fable II refer respectively to preparations without adjuvant, with tocopherol, with 
propyl gallate, with propyl gallate + citric acid and with propyl! gallate + ascorbic acid. 


TaBLE I] 
Loss of potency and peroxide formation’. 


A. Vitamin-A alcoho] 


Systems Olive oil. Arachis oil. Sesame oil. Liquid paraflin 
% Loss. P.V 6 Loss. P.V. ~ Loss. P.V. % Loss. P.V. 
I 97.0 267 2 99.0 270.4 96.3 253.1 93.1 13.6 
II 94-3 182.9 g2 2 238.3 89 2 198.0 65.7 7.5 
Ill 82.6 145-5 81.6 101.1 79.6 140.0 76.3 89 
IV 77-4 61.5 76.1 65.3 67.9 75-1 64.4 7.4 
V 65.2 48.5 66.8 50.6 63.3 60.0 63.2 7.3 


B. Vitamin-A acetate 


I 97.8 273.9 g5-2 96.7 301.2 98.4 13.4 
II 96.4 152.9 94.6 236.3 8.5 5.0 
Ill 30.8 18.4 28.6 18.4 35°9 32.9 
IV 29.5 16.2 26.2 20.4 29.4 24-9 
V 24.8 15.0 23.1 16.5 25.0 19.6 10.0 4.8 
C. Vitamin-A palmitate. 
I 98.2 343 2 2.1 322.4 97 3 293-2 95-1 13.8 
II 96.8 179.4 ae ol 95-9 234.3 4.5 4-9 
III 34-1 18.9 24.8 17.3 32.0 30 2 22.2 5.3 
IV 23.6 17.7 22.0 19.1 27.2 19.9 9.0 4.9 
V 25-7 16.5 22.7 17.5 29.2 21.4 10.2 4.8 


* After storage for 28 days at 37-38°. Initial potency was about 20,000 I.U./g. 
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TABLE III* 


Vitamin-A systems at low concentration. 


Systems of vitamin-A. % Loss of PY. Systems of vitamin-A. % Loss of P.V 
potency. potency. 

* Alcohol withont adjuvant 92.0 121.0 Palmitate with a-tocopherol 29.8 93-0 
Alcohol with propy] gallate 62.5 42.0 Palmitate with propyl gallate 

Acetate without adjuvant 58.7 48.0 and citric acid 88 20.0 
Acetate with propyl gallate 28.0 28.0 Palmitate with propy! gallate 

Palmitate without adjuvant 60.0 52.0 and ascorbic acid 10.3 20.5 

Palmitate with propyl gallate 10.2 21.0 Palmitate with citric acid 10.2 48.0 


* Vitamin-A in arachis oil stored for 28 days at 37-38°. Initial p»tency was about 3,0-0 I.U./g. 


DiscUSSION 
Effect of Storage on Vitamin-A 


The loss of vitamin-A alcohol after storage for 28 days is recorded in Table IIA. 
Figures 1 and 2 summarise the data on the percentage of vitamin-A destroyed during 
storage at 37-38° of the arachis oil and liquid paraffin preparations of vitamin-A 
alcohol having an initial activity of about 20,000 1. U./g. with or without added 
adjuvants. Preparations made with olive oil and s:same oil show results similar 
to arachis oil. After storage for 28 days, more than 90% of the potency is 
lost in all the systems containing no antioxidants (cf. curve 1 of Figures 1 
and 2 and Table IIA). During the course of storage some protection is noticed 
in cases of vegetable oils when the system contains 0.1% a-tocopherol (curve 2 
of Fig. 1) although at the end of 28 days the protection is very small. On the 
other hand, significant reduction in the loss of vitamin-A (65.7% against 93.1%) 
is noted with liquid paraffin containing tocopherol (vide curves 1 and 2 of Figs. 
1 and 2). Propyl gallate (0.05%) shows better keeping effect in all the substrates 
and the loss is further lowered by the incorporation of citric acid or ascorbic 
acid in combination with propyl gallate, as may be seen from Table IIA and curves 3, 
4 and 5 of Figs. 1 and 2. Ascorbic acid in case of vegetable oil systems, however, 
showed a slight advantage over citric acid unde: the conditions of the experiment. It 
may be noted from Table [ia that tocopherol in liquid paraffin system shows similar effects 
exhibited by propyl gallate in combination with synergists in all the preparations con- 


taining both mineral and vegetable oils. 








oO J ance nt Aanteurwu — 








STUDIES ON VITAMIN-A IN SOLUTION 





















FIGS, I-7 

































































soo —s— 
° 
+i a Fic. an. ne. — Fic. 1V - en" 
gor 4 os / 
V 4 
P r 
60 2 
oO 
40 
3 
x4 / ~ 
—auos | 
29) Pah fs 
2 f ay 
> 
= ° 7 “4 24 28 e 7 ” ry) as 7 4 2 6(te 
my ABACHIS aL A 
) ~ 100 1] 
- —— 
S Fic. V e Fic. Vi _0 Fe. Vil 
Pe Pea po 
} ”“” 
S 80 5 
~ if 
9 / 
1 
60 rs fo) 
ry ome 
. < 4 
40 A 
- Re 
ines > a 
ay + 
20 r 
“Fi V, J Loo 
° e et 3,4,5.8 
e 7 i a8 ’ J ° ME. 
Vv. ALC @ ACETATE— ARACHIS OFL V. PALMITATE—ARACHIS Of, 


LIQUID PARAFFIN 
(Low concentration) 


Days —> 


The percentage of vitamin-A acetate and palmitate destroyed after being stored 
for 28 days is shown in Table II (sand c). The destruction of vitamin-A esters in 
various oil media as well as that in liquid paraffin is almost identical, and as such, 
only typical figures are shown in the faper. Fjg. 3 represents the summary of data 
on the loss of vitamin-A acetate in sesame oil during keepinz at 37-38° having an 
initial concentrition of about 20,000 I. U./g. and Figs. 4 and 5, those of vitamin-A 
palmitate in olive oi! and liquid paraffin respectively. When stored for 28 days, more 
than 90% of the activity is lost in all the systems of the ester forms of vitamin-A con- 
taining no adjuvants, which is similar to the results shown by the alcohol form (cf. 
curve 1 of Figs. 1-5). Addition of tocopherol in the vegetable oil systems somewhat 
improves the stability (vide curve 2 of Figs. 3 and 4) but in case of liquid paraffin, 
keeping effect to a very great extent is experienced. ‘Ihis observation is similar to 
that obtained in the case of the alcohol form of vitamin-A, the extent of protection in the 
latter case being, however, to a much less degree as may be seen from ‘lable IJ (a-c) and 
curve 2 of Figs. 2 and 5. 

Propyl gallate protects the ester forms of vitamin-A to a considerable extent in 
all the systems and this is slightly enhanced by the addition of agents like citric acid 
or ascorbic acid (cf. Table I[p and c and the corresponding figures). No significant 
difference in the behaviour of ascorbic acid and citric acid is noticed in these cases, 
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The general trends of the effects of propyl gallate on the esters of vitamin-A, either 
alone or in combination with synergists, are similar to those on the alcoholic form, but 
the degree of protection in the former cases is greater. 

From Table II. and Figs. 1, 3 and 4 it appears thst arachis oil, sesame oil and 
olive oil behave almost identically in presence or absence of added antioxidants so far 
as the stability of vitamin-A in its different chemical forms is concerned ‘cf. Sen Gupta, 
this Journal, 1946, 23, 233). It may incidentally be mentioned that in liquid paraffin 
system the general effects of propyl gallate with or without citric acid or ascorbic acid, 
as obtained here, compare well with those previously obtained in similar systems of 
liquid paraffin with propyl gallate in presence or absence otf oleic acid with lower con- 
centration of vitamin-A alcohol (cf. Basu and Bhattacharya, this Journal, 1949, 26, 450). 

Table III contains the results of the systems made with the different forms of 
vitamin-A at low potency (3,000 I. U./g.) and Figs 6 and 7 record the data on the loss 
of vitamin-A. Fig. 6 contains the results of vitamin-A alcohol and acetate systems 
with or without propyl gallate and Fig. 7 records the data of ihe palmitate system 
only. The lower potency in these systems has been studied with a view to finding 
out the difference in behaviour of the vitamin-A at low and high concentrations. It 
has been previously shown from the results of Table II and Figs. 1-5 that there 
appears to be no significant difference between the vegetable oils themselves, and as 
such, arachis oil has been selected as the substrate in lieu of all the oils at the low con- 


centration of vitamin-A. The liquid paraffin system of vitamin-A alcohol has been 


reported in Part II of this series (loc. cit.). 

Curve 1 of Fig. 6 indicates that vitamin-A in alcohol form is most destroyed when 
it is present at the lowconcentration and without any added antioxidant and the loss is 
more than 90% (Table III) after storage for 28 days which is similar to the system when 
vitamin-A is present at higher concentrations {curve 1, Figs. 1 and 6). But unlike the 
higher potency, the loss of vitamin-A esters (acetate and palmitate} at lower concen- 
tration (3000 1. U./g.) is much less than the alcohol form (cf. curve 3 of Figs. 6 and 
curve 1 of Fig. 7) being about 60% instead of 92% (Table III). Addition of propyl 
gallate reduces the loss to a con,iderable extent in both the alcohol and ester forms. 
It may be noted that the vitamin-A !oss of the ester forms in arachis oil without any 
added antioxidant compares well with the alcohol form in presence of propyl gallate 


which confirms the observation mentioned in Part II (Joc. cit.). in case of palmitate 


form, however, the protective action of propyl gallate is a little better manifested 
than the acetate, and addition of synergists like citric acid or ascorbic acid does not 
appear to potentiate the antioxidant any further ‘cf. Table III and Figs. 6 and 7). 
only small antioxygenic property with the higher concentration of 
its chemical forms, exhibits marked keeping effect at low potency 
7) having lost only about 30% of the vitamin-A palmitate, as may 


Tocopherol, showing 
of vitamin-A in all 
(cf. curve 2 of Figs. 
be seen from Table IIT. 

Citric acid or ascorbic acid has been found to potentiate propyl gailate in keeping 
inatter of fact, citric acid, when added 


the vitamin-A at higher concentrations, As a 
alone to the palmitate form of vitamin-A, is found to exhibit keeping property similar 


to propyl gallate (‘Table 111, curve 6 of Fig. 7). 
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Peroxidation on Storage 


Figs. 8-12 summarise the results of the peroxide values of the vegetable oil systems 
at higher and lower concentrations of vitamin-A and the values after storage for 28 
days are recorded in Tables II to III in all systems including liquid paraffin. The 
mineral oil itself is a saturated hydrocarbon and the figures recorded in the last columns 
of Table II are likely to be the peroxides formed in the vitamin-A molecules. Al- 
though the difference between the peroxide values in the liquid paraffin systems is not 
very great, yet it is significant that maximum peroxide values are formed in systems 
which do not coutain any added adjuvant, and comparatively low values are obtained 
for those which contain some antioxidant. The peroxides in cases of esters with adju- 
vants are slightly lower than those in the alcohol form (cf. Table II, a-—c). 
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From Table IIA and Fig. 10 which depicts the peroxidation of the systems containing 
high concentration of vitamin-A alcohol and vegetable oils (Fig. 10 represents arachis 
oil: other oils behave similarly), it is evident that peroxide formation is greatest 
where no antioxidants are present. Presence of tocopherol shows some improvement. 
Propyl gallate reduces the peroxide formation to a considerable extent which is further 
reduced when the antioxidant is present in combination with synergists, Ascorbic 
acid, however, exhibits a slightly better effect than the citric acid in so far as the peroxi- 
dation is concerned under the conditions of the experiments (Fig. 10). 

Table II (Band c) records the peroxide values of esters of vitamin-A at high con- 
centration, and since all the oils behave similariy, Figs. 11 and 12 are shown to represent 
typical rate of peroxidation. Results similar to alcohol form are obtained in case of 
preparations containing no adjuvants and tocopherol. But the addition of propyl 
gallate either alone or in combination with synergists inhibits peroxidation to a great 
8 —1851P—3 
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extent. This inhibition is much greater than in the systems containing the alcoho’. 
It is further to be noted that addition of synergists to propyl gallate exhibits little 
influence. 
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From Table III and Figs. 8 and 9 which record the peroxide values of preparations 
made with arachis oil and all the forms of vitamin-A at low concentrations, it appears 
that the system having alcohol form and no adjuvant develops the maximum peroxide 
but this value is much less than that of the similar system having higher concentration of 
vitamin-A. ‘Those prepared with the ester forms show less peroxide values than the 
alcohol form ‘about 50 against 121) and are very much less than the similar systems 
at the higher concentration of the vitamin. ‘This tends to suggest that vitamin-A in all 
chemical forms probably acts as a peroxidant at high concentration. Addition of propyl 
gallate inhibits the formation of peroxides in all the systems, the inhibition being more 
in case of esters than in the case of alcohol. But in presence of tocopherol (curve 2 of 
Fig. 9) enhanced formation of peroxides is noticed in the system of ester (palmitate). 
Citric acid alone (curve 6 of Fig 9) shows negligible inhibition of peroxidation, and on 
the other hand, no additional advantage is noticed when synergists are present in com- 
bination with propyl gallate in this case. 


Relation of Vitamin-A Loss 'o Peroxidation 


Figs. 13 and 14 show the relation between the destruction of vitamin-A and the 
rate and extent of peroxidation in the samples of olive oil containing the alcohol and 
esters forms (palmitate) of the vitamin at higher concentration and Fig. 15 shows the 
above relation in arachis oil-vitamin-A palmitate system at lower strength. 
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FIGS. 13-15 
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Explanatory notes : In Figs. 1-5, 7, 9-15, curves 1-6 indicate respectively system withcut adjuvant, 
with tocopherol, with propyl gallate, with propyl gallate cum citric acid, with propyl gallate cum as- 
carbic acid, and with citric acid. 

In Figs. 6-8, curves 1-4 indicate respectively V. a'cohol without adjivant, V. alcohol with pro- 
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py! gallate, V. acetate without adjuvant and V. acetate with propy] gallate. 


Curve 6 of Fig. 15 shows that, at the same percentage of vitamin-A destruction, a 
much higher peroxide value is reached in the citric acid sample of low vitamin-A pal- 
mitate content. The tocopherol system shows the next higher peroxide formation. The 
system without any added adjuvant shows a minimum of peroxide (curve 1 of Fig. 15). 
The remaining systems show values intermediate between those having tocopherol and 
none, Curve 2 shows a great increase in peroxide value in samples containing toco- 
pherol in course of the loss of vitamin-A from 15% to 30%. For a loss of 10% vitamin-A, 
the corresponding peroxide values are 15, 48 and 21 for preparations containing no added 
antioxidant, citric acid and propyl gallate, with or without synergists respectively. For 
a loss of 30%, the corresponding peroxide values for systems without antioxidant and 
with tocopherol are 37.5 and 93 respectively (Fig. 15). 

Curve 2 of Figs. 13 and 14 exhibit that at the same percentage of vitamin-A 
destruction, a higher peroxide value is obtained in the «tocopherol sample of vitamin-A 
system of high concentration and in all its chemical forms. From curve 1 of these Figures 
it appears that the preparation with no added antioxidant shows a minimum of peroxidation 
for the same loss of vitamin-A in all its forms. ‘The other systems show intermediate 
results between that having no antioxidant and the one having tocopherol. ‘The other 
oil systems behave similarly as the olive oil preparation. 


It has generally been thought that peroxidation should be inhibited to as minimum 
a value as possible in order to prevent the loss of vitamin-A due to oxidation. The 
results obtained with systems of low vitamin-A (palmitate) content containing 0.1% 
@.tocopherol ‘curve 2 of Fig. 15) and 0.02% citric acid (curve 6 of Fig. 15) show that 
relatively high peroxide values (90 and 50) can be tolerated with small losses of vitamin-A 
(30% and 10%), whereas comparatively high loss (60%) is obtained with a 
peroxide value of about 50 on'y when the system contains no adjuvant (cf. Buxton, 
Ind. Eng. Chem., 1947, 89, 225). This behaviour of tocopherol and citric acid suggests 
that these substances can protect the vitamin-A from oxidation more effectively than 
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they can protect the oil from peroxidation. Antioxidants like propyl gallate, either alone 
or in combination with synergists of the type of citric acid or ascorbic acid, apparently 
exert protection to both vitamin-A (palmitate) and oil from oxidation (curves 3, 4 
and 5 of Fig. 15). 

Similar results of the antioxidants and other adjuvauts are obtained with the higher 
concentration and different forms of vitamin-A (Figs. 13 and 14). The degree of pro- 
tection of vitamin-A, offered by tocopherol, however, is less in all the cases. 

By a comparative study of the loss of vitamin-A in alcohol and ester forms of liquid 
paraffin systems (last 2 columns of Table II, a-c) it is significant to note that 
maximum losses of vitamin-A (93% and up) correspond to maximum peroxide values 
(about 13} and smaller losses to lower peroxide values. 


CONCLUSION 


Systems of vitamin-A in vegetable and mineral oils at high concentration (20,000 
I. U./g.) lose more than 90% of the activity when kept for 4 weeks at 37-38°, irrespcetive 
of the chemical form of the vitamin and nature of the vehicle. ‘Tocopherol in vegetable 
oil systems shows low antioxygenic property but offers marked effect in liquid paraffin 
system. Propyl gallate exhibits good keeping property which increases further if it is 
adjuvated with agents like citric acid or ascorbic acid. The general trends of these 
effects of propyl gallate in presence and absence of synergists in all the cases and of 
tocopherol in liquid paraffin system are of similar nature with alcohol and ester forms of 
vitamin-A, but the degree of protection in the latter case is greater. 

In diluted solution, vitamin-A alcohol behaves similarly as the concentrated pre- 
parations but esters keep better. Tocopherol in arachis oil—vitamin-A palmitate system 
exhibits quite effective antioxygenic property. Propyl gallate inhibits the loss of 
activity and incorporation of synergists in the palmitate form does not show any additional 
advantage. Citric acid alone shows similar effects as propyl gallate. 

Vitamin-A at high concentration seems to behave as peroxidant. Peroxidation in 
vegetable oils is maximum when vitamin-A is present without adjuvant at high strength 
irrespective of chemical form. Antioxidants, particularly propyl gallate iu presence 
of synergists, diminish the peroxide formation. Ester system in presence of propyl 
gallate (with or without synergists) develops less peroxide than the alcohol system. 


Peroxidation in dilute solutions is much less than the concentrated solution of v tamin-A, 
the alcohol showing more value than the ester form. Tocopherol and citric acid failed 
to prevent peroxide formation of the system. 

At the same percentage of vitamin-A destruction, a high peroxide value is noticed 
in samples containing «-tocopherol (0.1%) in all solutions. Citric acid (0.02%), however, 
in diluted solution of vitamin-A showed still higher values. Tocopherol and citric 
acid protect the vitamine-A more effectively than the substrates, whereas propyl gallate 
protects both of them to a better extent. 


BENGAL IMMUNITY RESEARCH INSTITUTE, Received February 2, 1953 
CaLCUTTA-16 














(Jour. Indian Chem. Soc., Vol. 31, No. 3, 1954] 




























ne 
‘ly 
4 
STUDIES ON VITAMIN-A IN SOLUTION, PART VII. EFFECT OF 
ef TRACE METALS 
: By SUKHAMOY BHATTACHARYA AND U. P. Basu 
d Studies have been made on the stability of vitamin-A with or without added metallic salts in rela- 
it tion to peroxidation. Metals (Fe and Cu) in general are very deleterious to the stability of vitamin-A 
‘Ss and promote peroxide formation. Metals may be deactivated by the judicious use of antioxidant and 
synergists. 
The deterioration of vitamin-A in a solution of vegetable oil is mainly due to the 
presence of unsaturation in the substrate as well as in the vitamin molecule itself (cf. 
Basu and Bhattacharya, this Journal, 1949, 26, 419, 459). The development of peroxide 
) in the medium is detrimental to the keeping property of the activit, of vitamin-A. 


Morris et al. (J. Amer. Oil Chem. Soc., 1950, 27, 105) and Evans et al. (ibid., 
1951, 28, 68), while investigating the stability of lard and soyabean oil respectively, 
concluded that traces of metals, particularly copper and iron, were very detrimental 
to the oxidative and flavour stability. Since oils are often processed in metallic equip- 
ments there is every likelihood of their being contaminated with traces of metals. 
In fact, soyabean oil, commercial or processed, has been found by Evans et al. (loc. cit.) 
to contain from 0.003 to 0.045 parts of copper and 0.054 to 2.5 parts of iron per million. 
Arachis oil is reported to contain 0.009 to 0.012 parts of copper and 0.31 to 1.45 parts 
of iron per million. 

It has been reported by Bhattacharya, Chowdhury and Basu (this issue, p. 231) 
that agents like citric acid or ascorbic acid potentiate the phenolic antioxidant in 
stabilising the vitamin-A in oil solution. It is interesting that these synergistic 
agents (citric acid and ascorbic acid) have also been found to deactivate metals in the 
stability of oils and fats (cf. Morris et al. and Evans et al., loc. cit. Lemon et al., 
Canadian J. Res., 1950, 28, 453). 


With the above points in view, a study has now been made on the stability of 
vitamin-A in oil with or without added metallic salts and in presence and absence of 
synergistic agents. 


ExPERIMENTAL 


Vitamin-A conceutrate (1 x 10° I.U./g.) containing alcohol form of the vitamin, 
vitamin-A acetate crystals and vitamin-A palmitate (generously contributed by Chas, 
Pfizer & Co. Inc. U.S.A.) having 1.69 x 10° I.U./g. were used in the experiment. 


4-Tocopherol, n-propyl gallate, citric acid ‘A.R.) and ascorbic acid (B.P.) were used 
as adjuvants. Arachis oil employed in the course of this study was extracted and 
refined in the laboratory and had an acid value of 0.1 and peroxide value of 2.6. Ferric 
chloride and cupric chloride used were of analytical reagent quality. 
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Acid and peroxide values of arachis oil were determined by the methods as des- 
cribed in an earlier part of this series (cf. Mukherjee, this Journal, 1950, 27, 87). 

Preparation of Vitamin-A samples.—The different chemical forms of vitamin-A 
(alcohol, acetate and palmitate) were dissolved in arachis oil in such a way that the 
final preparation contained, in each case, about 3,000 I.U./g., the exact potency of 
which was determined by analysis. 

Preparations made with the alcohol and acetate forms of vitamin-A were each 
divided into four parts, the volume of each portion being 10 c.c. ‘These four parts 
were treated as follows: 

(1) One part was kept as it was without the addition of any adjuvant. 

(2) The second portion was mixed with 0.05% propyl gallate. 

(3) To the third one was incorporated 2.0 parts of iron (Fe) per million. 

(4) Tothe fourth part was added 0.2 part of copper (Cu) per million. 


Preparations made with vitamin-A palmitate were divided into 3 groups, each group 
consisting of 6 equal portions of 10 c.c. The three groups were treated as follows : 


Group 1: (i) One part was kept as it was without the addition of any adjuvant. 

(ii) To the second portion was added 0.1% %-tocopherol. 

(iii) The third one was mixed with 0.02% citric acid. 

(iv) To the fourth part was incorporated 0.05% propyl gallate. 

(v) The fifth one was mixed up with 0.05% propyl gallate and 0.02% 
citric acid. 

(vi) To the sixth part was added 0.05% propyl gallate and 0.02% ascorbic 
acid. 

Group 2: Toall the six samples were added 2.0 parts of iron per million in the 
first instance and subsequently they were treated exactly as those of Group 1. 

Group 3: 0.2 Part of copper per million was added to these six portions and subse- 
quent addition of adjuvants or no addition was made as those of Group 1. 

«-Tocopherol, citric acid, propyl gallate and ascorbic acid were added from their 
solution in absolute alcohol. Iron (Fe) and copper ‘Cu} were incorporated into the 
vitamin-A preparations as their respective chloride salts (ferric chloride and 
cupric chloride), dissolved in absolute alcohol. ‘Io the samples, where no adjuvant was 
added, 0.2¢.c. absolute alcohol was added (this is the volume of solution added to other 
systems). 

The 26 systems, thus prepared, were taken into amber coloured neutral phials (30 
¢.c. capacity) and alcohol was removed by evacuation in a vacuum desiccator by the 
method described in the previous part (loc. cit.). The mouths of the phials were then 
loosely closed with cotton plug and they were kept in an electrical incubator adjusted to 
37-38°. Samples from these systems were taken out at intervals and were assayed for 
vitamin-A content and peroxide value by the methods described in Part VI (loc. 
cit.). The percentage loss of the vitamin-A activity and the peroxide values after 
keeping the preparations at the above temperature (37-38°) for 28 days are recorded in 
Tables I and II. 
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TABLE I * 


Vitamin-A alcohol and vitamin-A acetate: Loss of potency and peroxide formation. 


Systems. Vitamin-A alcohol. Vitamin-A acetate. 
Loss. P.V. Loss. PV. 
Without added adjuvant 90.0% 125.0 57-5% 50.0 
With propyl] gallate 63.0 45.0 27.0 27.5 
With added iron (Fe, 2.0 p.p.m.) 96.0 225.0 90.0 
With added copper (Cu, 0 2 p.p.m.) 97-0 250.0 97-0 225.0 


TABLE II * 


Vitamin-A palmitate: Loss of potency and peroxide formation. 


Systems. Without added With added iron With added copper 
metals. (Fe, 20p.p.m) (Cu, 0.2 p.p m.) 

Loss. P.V. Loss. P.V. Loss. P.V. 

Without added adjuvant 60 0% 52.0 95 0% 240.0 98.0% 224.0 
With tocopherol 29.8 93-0 37-0 78.8 91.5 200.0 
With citric acid 10.0 48.0 25.0 30.0 300 28.8 
With propy] gallate 10.2 21.0 21.5 17.5 25.0 22.5 
With propy! gallate & citric acid 10.2 21.0 12.0 17.5 11.0 17.5 
With propvl gallate & ascorbic acid 10.2 21.0 12.0 17.5 II.0 17.5 


* Initial potency was about 3,000 I.U./g. 


DISCUSSION 
Vitamin-A Activity on Storage 


It has been previously reported (loc. cit.) that there is no significant difference 
among the vegetable oils (arachis oil, sesame oil and olive oil) themselves in so far as 
the stability of vitamin-A is concerned, and as such, arachis oil has been selected as the 
substrate in the course of this investigation. 

‘The loss of vitamin-A after storage for 28 days is shown in Table I, and Fig. 1 
summarises the data on the percentage of vitamin-A destroyed during storage at 37-38° 
of the preparations made with alcohol and acetate forms of the vitamin with or without 
the addition of propyl gallate, iron or copper. 90% of the activity of vitamin-A alcohol 
is destroyed at the end of 28 days when no antioxidant is present and this loss is lowered 
when the system contains propyl gallate. Addition of iron (2.0 p. p.m.) destroys the 
vitamiu-A activity to a greater extent than that when no iron is present (cf. curves 
1 and 3 of Fig. 1). Copper (o.2 p.p.m.) is more deleterious than iron which may be 
seen from Table I and curves 3 and 4 of Fig. 1. From the proportion of iron and copper, 
added to the system, copper seems to be at least 10 times more deterimental than iron. 

Acetate form, both without (57.5% loss) and with ‘27.0% loss) added antioxidant, 
shows less destruction than alcohol form (also cf. Bhattacharya, Chowdhury and Basu, 
loc. cit.) which is evident from Table I and curves 5,6, 1 and 2 of Fig. 1). Addition 
of iron and copper in this system as well is found to be very detrimental to the keepitg 
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property of vitamin-A activity. Copper is more injurious than iron and the former 
ultimately destroys the vitamin to the same extent as the corresponding system made 
with alcohol form (cf. Table I and curves 7, 8 and 4 of Fig. 1). 
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The results of storage for 28 days of the vitamin-A palmitate systems with or with- 
out the addition of metallic salt or other adjuvants are recorded in Table II, and Figs. 
2 and 3 represent the course of destruction of vitamin-A with metals during the storage. 
It has been reported previously that the ester forms of vitamin-A are more stable than the 
alcohol form. As such, the palmitate form of the vitamin-A has been studied in more 
details with regard to the effect of metallic salts and their deactivation. The data of 
the vitamin-A palmitate system without added metallic ions have been recorded in 
Part VI of this series (loc. cit.) and they are being noted here for comparison with other 
systems. Table IT and Part VI show that stability of vitamin-A palmitate without 
added adjuvant is similar to the acetate form, and tocopherol offers some protection to 
the vitamin. Propyl gallate and citric acid individually and combinations of propyl 
gallate with ascorbic acid or propyl] gallate with citric acid show still better protection, 
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and amongst themselves there is no significant difference in their keeping property in 
so far as the system of vitamin-A palmitate in arachis oil is concerned. 


Addition of iron to the vitamin-A palmitate system is as deleterious as is the case 
of the corresponding alcohol preparation ‘cf. Tables I and IJ and curve 1 of Fig. 2 
and curve 3 of Fig. :). Tocopherol reduces the loss to a considerable extent, 
although the reduction is somewhat less than the similar system containing no iron (vide 
Part VI and curve 2 of Fig. 2 and Table II). Citric acid alone in this system with 
added iron offers better protective action than tocopherol, but this protection is slightly 
less than that shown by propy] gallate. It is significant to note that the protective action 
of either propyl gallate or citric acid in presence of iron is less than that in absence of 
the metallic salt (cf. curves 3 and 4 of Fig. 2 and Table II). Combinations of propyl 
gallate and citric acid and propy! gallate and ascorbic acid exhibit still better keeping 
effect, and the loss of vitamin-A potency in this case is almost identical to that contain- 
ing no iron (cf. curves 5 and 6 of Fig. 2 and ‘Table I1). It therefore appears that in 
presence of the combination of propyi gallate with either citric acid or ascorbic acid, 
the deleterious effect of iron is almost completely nullified. 

The effect of copper in vitamin-A palmitate preparations is very detrimental to the 
stability of the vitamin and the injurious effect is more than that of iron (vide curve 
1 of Figs. 2 and 3). Addition of tocopherol in presence of copper offers, unlike 
that with iron, only little protection (curve 2 of Figs. 2 and 3 and Table II). Citric 
acid and propyl gallate individually reduces the loss considerably and follows the same 
order as in the case of iron, but the protection in this case is somewhat less than the 
latter (Table II and curves 3 and 4 of Figs. 2 and 3). The combination of propyl 
gallate with either citric acid or ascorbic acid exhibits a protection identical to that when 
no metal is present and it seems that copper is deactivated similar to iron by the 
antioxidant and synergists (vide curves 5 and 6 of Figs. 2 and 3 and Table IT). 


Citric acid is known to possess the properties of metal deactivator and a synergist 
but does not itself function as an antioxidant (cf. Lemon et al., Canadian J. Res., 1050, 
28, 453). That citric acid and ascorbic acid are not themselves antioxidants has been 
pointed out by other workers as well (Morris et al. and Evans etal., loc. cit.). 
Propyl gallate, a phenolic substance, is well known for its antioxygenic property. 
Morris etal. (loc. cit.) while studying the stability of lard showed that when antioxi- 
dants were added in 0.02% concentration in the presence of metals, the increased 
stability did not approach that obtained when 0.01% of the antioxidant was adjuvated 
without the metal. In this case also it seems unlikely that propyl gallate deactivates 
metals because even when it (0.05 %) is added in presence of metals, the stability of 
vitamin-A is less than that obtained when it is added without the metal (cf. curve 4 
of Figs. 2 and 3 aud Table II). With the addition of the synergists to the antioxidant, 
both in the presence of iron and copper, the stability of vitamin-A attains a value almost 
identical to that when they are incorporated without the metals. Thus, it seems that 
with the addition of citric acid or ascorbic acid, the metals become deactivated, thereby 
ncreasing the stability of the vitamin. ‘This deactivation may in part explain the syner- 
gistic effect of these compounds (citric acid and ascorbic acid) with phenolic antioxidants, 
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but this does not imply that their synergistic action with antioxidants is exclusively 
metal deactivation. 


Fomation of Peroxides on Storage 


Figs. 4-6 summarise the data of peroxide values of the systems and those after stor- 
age for 25 days are recorded in Tables l and II. From Fig. 4, which represents the pre- 
parations containing alcohol and acetate forms of vitamin-A, it may be be seen that 
peroxidation is greatest in case of the system containing the alcohol form and copper 
(curve 4), followed by that with iron (curve 3). Presence of copper in systems containing 
vitamin-A acetate increases peroxide value greatly, the peroxidation, however, proceeds 
at a lower rate at the initial period of storage (curve 8). Vitamin-A alcohol system 
without any added metallic salts (curve 1) shows greater peroxide values than the vita- 
min-A acetate system (curves 1 and 5). Addition of propyl gallate diminishes peroxi- 
dation in both these cases. Peroxidation in systems made with alcohol form of vita- 
min-A with or without any added material is always greater than the corresponding 
preparations made with the acetate form. 


Figs. 5 and 6 represent the peroxide values of vitamin-A palmitate systems with 
ferric chloride and with cupric chloride respectively. Systems without metallic ions 
are repoted in Part VI of this series (loc.c't.). Table 11 shows that preparations made 
with palmitate form develop peroxide similar to those with the acetate form. Citric 
acid reduces peroxidation and propyl gallate, either alone or in combination with syner- 
gists, reduces the formation of peroxide toa still lower value. But on the other hand, 
tocopherol shows maximum peroxidation. 


Addition of iron promotes peroxide formation to a very great extent (curve 1 of 
Fig. 5). From Table II and curve 2 of Fig. 5 it is evident that tocopherol in this 
case reduces the peroxidation to a considerable extent which is further lowered in pre- 
sence of citric acid. Propyl gallate alone or with synergists behave in the same way 
and reduces the peroxide formation still more. It may be noted here that peroxide 
values of the systeins containing tocopherol and citric acid, and where no metallic salts 
are present, are greater than the corresponding preparations containing iron (cf. curves 
2 and 3 of Fig. 5 and Table II). 

Copper (Fig. 6 and Table IJ) enhances the peroxidation greatly (curve 1) which 
is similar to iron. Tocopherol in presence of copper, and unlike that of iron, has got 
little effect in preventing peroxide formation. Citric acid and combinations of propyl 
gatlate with synergists show results similar to the preparations with added iron (curves 
3, 5 and 6 of Figs. 5 and 6). Propyl gallate alone, however, shows peroxide values 
between citric acid and combinations of antioxidant and synergists (curve 4 of Fig. 6). 


Loss of Vitamin-A versus Peroxide Value 
Figs. 7 tog show the relation between the destruction of vitamin-A and the rate 
and extent of peroxidation in the samples. 


Fig. 7 represents the systems made with alcohol and acetate forms of vitamin-A. 
At the same percentage of vitamin-A destruction, a higher peroxide value is noticed 
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with the acetate form than with the alcohol (curves 1 and 5). Addition of metals in 
the alcohol form exibits greater peroxides than that without metals for the same loss 
of vitamin-A. It is curious to note that both the alcohol and the acetate forms in pre- 
sence of propyl gallate show less peroxide at first than those without antioxidant, 
although after a certain stage, the peroxide value becomes greater (curves 2 and 6 


and 1 and 5). 
FIGS. 7-9 
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It has been shown in Part VI (loc. cit.) that for the same loss of potency, maxi- 
mum peroxidation corresponds to that containing citric acid, the next one being that 
with tocopherol. Minimum value is exhibited by the systems without any added adju- 
vant, Others show intermediate values. It has also been reported (Part VI) that the 
above behaviour uf tocopherol and citric acid shows that relatively high peroxide values 
(90 and 50) can be tolerated with small losses of vitamin-A (30% and 10%) whereas 
comparatively high loss (60%) is obtained with a peroxide value of about 50 only when 
the system contains no adjuvants. 

The results of the palmitate form containing iron are shown in Fig. 8. ‘The 
position of citric acid and tocopherol iu presence of iron is just the reverse of that 
obtained with the systems containing no metal (cf. curves 2 and 3 of Fig. 8). 
In this case maximum peroxidation corresponds to the system having tocopherol, 
followed by that with citric acid. The preparations containing no antioxidant and 
those containing antioxidant and synergists (curves 1, 4, 5 and 6) behave in a way 
similar to the corresponding systems without metal. 

Systems with added copper (Fig. 9) behave in a little different way from iron 
in as much as the preparation with citric acid shows slightly greater peroxide at the 
initial stages but ultimately exhibits lower values than that with tocopherol (curves 2 
and 3) and the systems containing combinations of antioxidant and synergists (curves 
5 and 6) show results similar to that with citric acid up to 12% loss of vitamin-A. In 
other respects it is comparable to iron. 

In Part VI of this series it has been assumed that citric acid alone protects the 
vitamin-A more efficiently than it can prevent peroxidation in oil. But from curve 3 
of Figs. 8 and 9 it may be of interest to note that citric acid is not equally effec- 
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tive in the systems which contain added metals so far as the protection of vitamin-A 
is concerned. This tends to prove that one of the important functions of the synergists 
used in this experiment is to deactiv..te metals rather than protection of the vitamin-A. 

Comparing Figs. 8 and 9 and Fig. 15 of Part VI it may be noted that for the 
same loss of vitamin-A the peroxide values of the preparations made with metals are 
less than those of the corresponding systems made without metals. For instance in the 
preparations made with tocopherol, for a loss of 30% vitamin-A activity the correspond- 
ing peroxide values are 35.0 with copper (curve 2 of Fig. 9}, 72.5 with iron (curve 
2 of Fig. 8) and 93.0 without any metals (Fig. 15 of Part VI), the least value being 
with that of copper. This observation tends to suggest that the oxygen of peroxi- 
des, which had developed in the systems made with metals, destroyed the vitamin-A 
activity and the resultant peroxide values accordingly became lower than those of the 
preparations made without metallic salts (cf. the loss and peroxide of the systems from 
Figs. 2, 3, 5,6 and Part VI). 


Notes about Figures 
Figs. 1, 4 and 7 


Curve 1-Vitamin-A alcohol without the addition of any adjuvant. 
Curve 2-Vitamin-A alcohol with propy] gallate. 

Curve 3-Vitamin-A alcohol with added iron 

Curve 4-Vitamin-A alcohol with added copper 

Curve 5-Vitamin-A acetate without the addition of any adjuvant. 
Curve 6-Vitamin-A acetate with propyl gallate. 

Curve 7-Vitamin-A acetate with added iron. 

Curve 8-Vitamin-A acetate with added copper. 


Figs. 3, 5, 6, 8 and 9. 


Curve t-System without any added adjuvant. 

Curve 2-System with tocopherol. 

Curve 3-System with citric acid. 

Curve 4-System with propy! gallate. 

Curve 5-System with propy! gallate and citric acid. 
Curve 6-System with propyl gallate and ascorbic acid. 


CONCLUSION 


Addition of iron (2 p.p.m.) and copper (0.2 p.p.m.) in the vitamin-A solution in 
arachis oil shows that irrespective of the chemical form both these metals destroy the 
vitamin-A activity very rapidly, copper being more deleterious. Under the conditions 
of the experiment copper is found to be at jeast 10 times more injurious than iron. 


Tocopherol protects the activity to a fair degree in presence of iron but fails to show 
marked effect with copper. Citric acid and propyl gallate individually keep the 
potency fairly well in both the cases, the effect being slightly better in presence of iron 
than that of copper, and propyl gallate shows a little better protection than citric acid. 
Combination of propyl gallate with synergists improves the stability further and the 
metals become almost completely deactivated. 
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Citric acid and ascorbic acid act as metal deactivators but this does not imply that 
their synergistic action is only metal deactivation. 

Metals promote rapid formation of peroxide irrespective of the chemical nature of 
the vitamin-A. %-Tocopherol in vitamin-A palmitate solution (containing no metal) 
shows more peroxide than that without added adjuvant, and offers little influence when 
present with copper but prevents peroxidation to a considerable extent in presence of 
iron. Citric acid and propyl gallate individualiy reduces peroxidation in presence of 
metals. Combination of antioxidant and synergists reduces still further. 


For the same loss of vitamin-A activity, the peroxide tolerance of the system is 
enhanced with the addition of adjuvants and is reduced with the incorporation of metals. 
Propyl gallate in the alcohol and acetate fornis of vitamin-A, however, offers, at the 
initial stages and for the same loss, lower peroxide value than those containing no 
antioxidant. 


At the same percentage loss of vitamiu-A, some of the peroxide values of the systems 
containing metals are found lower than those having none. This observation suggests 
that part of the peroxides developed in the former solutions has been utilised in des- 
troying the vitamin and consequently the resultant peroxide is observed lower. 


Thanks of the authors are due to Sri N. K. Choudhury, B.Sc. for help in the assay 
of vitamin-A. 


BENGAL IMMUNITY RESEARCH INSTITUTE, Received July 1, 1953 
CaLcuTra-16. 
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SYNTHESIS OF SOME 4-PIPERIDONE DERIVATIVES 
By V. BaLIAH AND V. GOPALAKRISHNAN 


The synthesis of several 4-piperidone derivatives has been described. They were obtained by the 
condensation of aliphatic ketones with aromatic aldehydes and ammonia. 


Petrenko-Kritschenko etal. (Ber., 1906, 39, 1358; 1907, 40, 2882; 1909, 42, 3683; 
J. Russ. Phys. Chem. Soc., 1915, 47, 1126) developed an elegant method of synthesising 
certain 4-piperidone derivatives. The reaction involves the condensation of a molecule 
of an ester of acetone dicarboxylic acid with two molecules of an aromatic aldehyde and 
a molecule of ammonia or a primary amine. 


CO co 
=“, 
ROOC-CH, CH.,—-COOR semen | — IR 
R’—CHO OHC—R’ -—> R’°.BC CHR’ 
H H ml 
\4 N 
N | 
| R” 
R"” 


This reaction was later on extended to some aliphatic aldehydes and other amines 
by Mannich et al. (D.R.P. 510,184/1927; Arch. Pharm., 1934, 272, 323; Ber., 1936, 
69B, 2299). The condensation of simple ketones in place of acetone dicarboxylic acid 
esters was also attempted by Mannich et al. (Arch. Pharm., 1917, 255, 261; 1926, 264, 
164, 65). Using diethylketone, formaldehyde and methylamine hydrochloride 
they were able to isolate the expected 1:3 :5-trimethyl-4-piperidone along with four 
other products (ibid., 1917, 255, 261). With acetone, formaldehyde and methyl- 
amine they did not get the piperidone.but, however, isolated two stereoisomers of 
a piperidine derivative (ibid., 1926, 264, 65). Thus the use of ketones in this reaction 
for the synthesis of 4-piperidone derivatives did not give encouraging results until Noller 
and Baliah (J. Amer. Chem. Soc., 1948, 70, 3853) developed a satisfactory procedure. 


The aim of the present investigation was to extend the method of Noller and 
Baliah (loc. cit.) to the synthesis of some new 4-piperidones with a view to converting 
them into piperidine derivatives of possible therapeutic value. 


The condensation was tried with both aromatic and aliphatic aldehydes but the 
former alone condensed. The yields varied from 40% to 82%. The time required for 
the condensation was found to depend upon the reactants. In some cases, mere heating 
of the reactants for a few minutes brought the reaction to completion. In some cases, 
the reaction mixture had to be left aside for several days. ‘The product was generally 
isolated as the hydrochloride. 
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V. BALIAH AND V. GOPALAKRISHNAN 


While preparing various-piperidone derivatives, it was considered desirable to 
prepare some N-methyl-4-piperidones. Though such compounds could be prepared by 
using methylamine (Noller and Baliah, joc. cit.), N-methylation of the 4-piperidones 
was tried with dimethyl sulphate in acetone in the presence of anhydrous potassium car- 
bonate. This method worked satisfactorily and several N-methyl-4-piperidones were thus 
prepared. 


Condensations were also tried with a number of amines using benzaldehyde and 
methylethyl ketone. The amines used were n-propylamine, isopropylamine, n-butyl- 
amine and aniline. But in no case a piperidone was obtained. 


ExPERIMENTAL 


General Method of Preparation of 4-Piperidones.—A mixture of the ketone (0.5 M), 
the aldehyde (1M) and ammonium acetate (0.5 M)in glacial acetic acid (50 c¢.c.) was 
gently heated to boiling and allowed to coo! to room temperature. In some cases the 
product separated as a crystalline solid after several hours. In other cases, where the 
product did not separate out, the reaction mixture was dissoived in ether and the hydro- 
chloride was precipitated either by the addition of hydrochloric acid or by passing 
hydrogen chloride. The bases were recrystallised from acetone or alcohol. ‘The hydro- 
chlorides were recrystallised from acetone or alcohol or alcohol-ethyl acetate mixture. 
When the 4-piperidone was obtained as a hydrochloride, the free base was liberated by 
the addition of aqueous ammonia to an alcoholic solution of the hydrochleride. The 
data on the individual compounds are summarised in Table I. 


General Method of Preparation of 1-Methyl-4-piperidones.—To a solution of the 
4-piperidone (0.1 M) in dry acetone were added freshly distilled dimethyl sulphate (20 g.) 
and anhydrous potassium carbonate (30 g.). ‘The mixture was kept under reflux on a 
water-bath for 3 hours and then poured into water. The separated 1-methyl-4-piperidone 
derivative was removed by filtration and washed with water. It was recrystallised froim 
alcohol. The hydrochloride was obtained by passing hydrogen chloride into an ethereal 
solution of the base. ‘The relevant data on individual compounds are recorded in Table J. 

DEPARTMENT ‘or CHEMISTRY, 


ANNAMALAI UNIVERSITY, 
ANNAMALATNAGAR, Received October 8, 1953. 
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CHEMICAL, INVESTIGATION OF THE LICHENS: PARMELIA 
KAMTSCHADALIS AND PARMELIA ARNOLDII 


By (Mrs.) Latrka G. SHAH 


Lichens, Parmelia kamtschadalis and Parmelia arnoldii, were chemically investigated. 

Numerous lichens are indigenous to India and their chemical investigation would 
be of interest. ‘The lichens, Parmelia kamtschadalis (Ach.) Eschw., and Parmelia 
arnoldii Dr. (Confer), obtained from Ranikhet situated in U.P. in sub-Himalayan region, 
which have not been so far chemically investigated, form the subject matter of the 
present investigation. 

Parmelia kamtschadalis: Tle petroleum ether extract in the cold gave a solid and 
an oil, From tle solid atranorin has been isolated. The oil was not in sufficient 
quantity for further work. A further quantity of atranorin and an acid of m.p. 104-106° 
were obtained from the ether extract. The acid was identified to be protolichesteric 
acid. 

The alcoholic extract on concentration gave a brown substance which on repeated 
crystallisations from acetone afforded a compound, identified as salazinic acid (Sastry 
and Seshadri, Proc. Ind. Acad. Sci., 1942, 16A, 137)- 

Parmelia arnoldit: Petroleum ether extract yielded atranorin and a poor amount 
of an oil. An acid of m.p. 178-81° (decomp.), and more of atranorin were obtained from 
the ether extract. Although the melting point of this acid is higher than that of leca- 
noric acid (m.p. 175-76°, decomp.), reported by Seshadri and Subramanian 
(ibid., 1949, 30A, 62), from the results of its combustion, colour reactions and mixed 
m.p. with the sample of lecanoric acid supplied by Professor Seshadri, the acid appears 
to be lecanoric acid. 

The alcohol and ethyl acetate extracts gave salazinic acid. Acetone and aqueous 
extracts yielded a dark brown resinous mass which could not be worked up further. 

The mixed melting points of atranorin, protolichesteric acid, lichesteric acid and 
salazinic acid with the samples supplied by Professor Asahina were not depressed. 


ExPERIMENTAL 


Parmelia Kamtschadalis 


Petroleum ether extract (Atranorin).—The air-dried lichen (400 g.) was extracted 
with petroleum ether in the cold by repeated maceration (six times, each for 24 hours). 
After the distillation of the solvent, the concentrated extract was allowed to stand over- 
night when a yellowish green soft solid separated. It was filtered and washed with small 
quantities of petroleum ether, the washings being collected along with the filtrate. It 
was then crystallised from a mixture of chloroform and alcohol when colorless needles 
of atranorin were obtained, m.p. 195-97°, yield 0.05 g. Curd et al. (J. Chem. Soc., 
1933, 130) give m.p. 196-97°. (Found: C, 60.7; H, 4.6. Cale. for C,oH,s05:C, 60.9; 
190—1851P—3 








254 LATIKA G. SHAH 


H, 4.8 per cent). It is easily soluble in hot chloroform, benzene, xylene and ethy] 
acetate, insoluble in sodium bicarbonate solution and dissolves slowly in sodium car- 
bonate solution. It dissolved quite readily in aqueous alkali giving a yellow solution; 
in alcoholic solution it gave a wine-red colour with ferric chloride; with concentrated 
sulphuric acid, it gave a deep yellow solution slowly turning to orange. Its mixed 
melting point with an authentic sampie was 195-97°. 

The petroleum ether filtrate on evaporation gave a dark green thick oil (about 
1 c.c.) but as the quantity was very small, it was not worked up further. 

The trimethyl ether was obtained in rhombic prisms from methanol, m.p. 122°. 
Curd et al. (loc. cit.) recorded the same m.p. (Found: C, 63.0; H, 6.0. Cale. for 


Ca2H.,03: C, 63.4; H, 5.8 per cent). 


Ether extract: (Atranorin and Protolichesteric Acid).—The material left after 
extraction with petroleum ether was repeatedly extracted with ether in cold. ‘The 
total extract was concentrated toa small bulk and left overnight when white needles 
separated. These were filtered, washed with small quautities of ether and _ recrys- 
tallised separately from a mixture of alcohol and chloroform and from ethyl acetate. 
In both the cases, atranorin of m.p. 195-97° (total yield 2g.) was obtained. Its mixed 


m.p. with the one from petroleum ether extract was undepressed. 


The ethereal filtrate after removal of atranorin was extracted with sodium bicar- 
bonate solution. ‘The bicarbonate solution was then acidified and again extracted with 
ether, the extract dried over anhydrous sodium sulphate and the ether removed when 
a substance of m.p. 100° (yield 1 g.j was obtained. ‘This was crystallised from rectified 
spirit when silky needles of protolichesteric acid, m.p. 104-106°, were obtained (Zopf, 
Annalen, 1002, 824, 30, givesm.p. 104-105°). [a]» = + 9+3° (7.9%, alcohol). (Found: 
C, 70.1; H, 9.6. Cale. for CyyH320,: C, 70.3; H, 9.8 per cent.) It did not give any 
coloration with alcoholic ferric chloride or concentrated sulphuric acid. Its mixed melt- 
ing point with an authentic specimen was 105-106°. 

Lichesteric acid was obtained as needles from diiute rectified spirit, m.p. 120-22° 
(m.p. 120-22°; Zopf, loc. cit.). (Found: C, 70.1; H, 9.9. Calc. for C,»H3,0,: C, 70.3; 


H, 9.8 per cent.). Its mixed melting point with an authentic sample was 120-22°. 


Alcohol extract (Salazinic Acid).—The residue from above was extracted repeatedly 
The total extract was concentrated to a smail bulk and cooled, when a 
It was crystallised from aqueous acetone 
It turned brown at 240° and 


with alcohol. 
white micro crystalline compound separated. 
(80%), when tiny needles of salazinic acid separated. 
charred at 260° (cf. Sastry and Seshadri, loc. cit.). (Found: C, 53.5; H, 3-6. Calc. 
for C,sH;201,H.0: C, 53.23 H, 3.4 percent). It was bitter in taste, gave blood- 
red coloration with alcoholic ferric chloride, dissolved in concentrated sulphuric acid 
with deep orange colour which turned gradually changing through orange to red. Its 
mixed melting point with an authentic sample was not changed. 


The dianil was prepared as golden yellow prisms, which turned orange-yellow at 260° 
and charred at 280° (cf. Sastry and Seshadri, loc. cit.). (Found: N, 5.4. Cale. for 


Cso0H220.N.2: N, 5.2 per cent). 
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The alcoholic filtrate from above was evaporated to complete dryness. ‘The residue 
was extracted with about 400 c.c. of hot water. This was again evaporated to dryness 
and the residue taken up in minimum quantity of alcohol and refluxed with animal 
charcoal for about 10 hours when the solution became colorless. This was filtered and 
thealcohol evaporated when a brown syrupy mass was obtained. It gave Molisch test, 
silver mirror test and reduced Fehling’s and Benedict's solutions. ‘Thus, it appears to 
be a reducing sugar. Attempts to crystallise the syrupy mass and to prepare its osazone 
did not succeed. 

Tetra-acetyl Derivaiive.—Syrupy mass (1.0 g.) was dissolved in acetic anhydride 
(5 c.c.), a drop of pyridine was added to it and the whole was refluxed for 2 hours, 
It was then worked up as usual. It crystallised from hot water, giving colorless 
needles of acetyl derivative, m.p. 68°, yield 0.1 g. (Found: C, 49.2; H, 6.06; acetoxy, 
55.0. Cale. for C,;H,.0,: C, 49.053 H, 5.9; acetoxy, 54.09 per cent), 

Ethyl Acetate extract (Salazinic Acid).—Residual lichen from above was extracted 
with ethyl acetate in the same way as described above. On distilling off the solvent, a 
microcrystalline, white compound in 1.0 g. yield was obtained. ‘This on crystallisation 
from aqueous acetone (50%) yielded salazinic acid, its mixed melting point with salazinic 
acid obtained from alcohol extract being undepressed. 

The ethy] acetate filtrate after removal of the salazinic acid was evaporated to dry- 
ness when a syrupy inass, which gave all the reduction tests mentioned above, was 
obtained. Attempts to crystallise this did not meet with success, The quantity of syrup 
was not enough for further work. 

Acetone extract (Salazinic Acid).—The acetone extract of the residual lichen from 
above gave a further quantity of salazinic acid, yield 5.2 g. This was crystallised from 
aqueous acetone (80%) when snow-white needles, charring at 260° were, obtained. Its 
mixed melting point with an authentic specimen was undepressed. 


Parmelia Arnoldii 


Petroleum Ether extract (Atranorin).—The air-dried lichen (300 g.) was extracted 
with petroleum ether (b.p. 40°-60°) in cold by repeated maceration. On distilling off 
the solvent and cooling, a white solid and a smal] quantity of dark green oil were obtain- 
ed. ‘These were separated in the same way as in the case of Parmelia kamtschadalis, 
The solid was crystallised from ethyl acetate when atranorin was obtained, m.p. 195-97°, 
yield 0.4 g. Its m.p. was not depressed with the one obtained from P. kamtschadalis. 


Ether extract (Atranorin and Lecanoric Acid).—The residual lichen from above was 
exhaustively extracted with ether in cold. ‘The total extract was concentrated toa small 
bulk by distilling off the solvent and allowed to cool when colorless needles separated. 
These were filtered, washed with ether twice or thrice and recrystallised from ethyl - 
acetate when pure atranorin was obtained. 


The ether solution from above after removal of the atranorin was extracted with 
sodium bicarbonate solution. The ether layer gave a negligible quantity of an oil, The 
bicarbonate solution was acidified and again extracted with ether, the extract dried 
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over anhydrous sodium sulphate and the ether removed when an acid, m.p. 170°-180° 
(decomp.), yield 2.0 g., was obtained. It was crystallised severai times from rectified 
spirit when the pure acid of m.p. 178-81° (decomp.) was obtained. (Found: C, 56.9; 
H, 5.2. Cale for CysHi,O;, HO: C, 57.1; H, 4.8 percent). It gave a bluish red colour 
with bieaching powder and a reddish violet colour with alcoholic ferric chloride. From 
the melting point, combustion data and colour reactions, the acid appears to be lecanoric 
acid (m.p. 175-76°, decomp.) (Sastry and Seshadri, loc. cit.). Its mixed melting point 
with an authentic specimen was 174-76°. 

Ethyl Acetate extract (Salazinic Acid!.—The subsequent ethyl acetate extract of the 
lichen gave salazinic acid, charring at 260°, yield 1.0 g., the procedure being the same 
as described above. 

Acetone and aqueous extracts of the residue from above yielded only a dark brown 
tarry mass which could not be worked up further. 

The author thanks Dr. George Llano of the Smithsonian Institute, Washington for 
identifying the lichens. The author thanks Professor Asahina and Professor Seshadri 
for kindly supplying a few authentic specimen of the compounds. ‘I'he author is grateful 
to Dr. S.M. Sethna and Dr. R. C. Shah for their interest in the work. The author is 
also greateful to the Bonrbay University for the award of a Bombay University Research 
Studentship. 
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PREPARATION OF N-SUBSTITUITED 2-AMINOTHIAZOLES. 
PART II. CONDENSATION OF ACETONE WITH 
SUBSTITUTED THIOUREAS 


By H. K. Pujari AND M. K. Rout 


Thirteen new N-substituted 2-aminothiazoles have been prepared by the c mdensation of acetone 
with different substituted thioureas in presence of iodine. These thiazole bases have also been 
mercurated by treatment with mercuric acetate when the acetoxymercuri group enters the aryl nucleus 
attached to -NH group. Both the mercurated and unmercurated thiazoles have been biologically 


studied. 


In continuation of our earlier investigations on the preparation of N-substituted 2- 
aminothiazoles {this Journal, 1953, 30, 398; J. Amer. Chem. Soc., 1953, 75, 4057), the 
present one deals with the synthesis of a group of thiazolylamines prepared by condensing 
acetone with a number of substituted thioureas. Interest in the preparation of 
compounds containing the thiazole nucleus for use as chemotherapeutic agents 
has been stimulated by the successful application of several thiazole compounds 
like sulfathiazole, promizole ‘Bambas, J. Amer. Chem. Soc., 1945, 67, 671), Darvisul 
(Schaeffer and Toomey, Am. J. Med., 1949, 6, 667) in the treatment of various diseases. 
2-Aminothiazoles are also noted for antithyroid activity (Bovet, Bablet and Fournel, 
Ann. Inst. Pasteur, 1945, 817, Gct. 7). Sondern aud Breivogel ‘U.S.P., 2,440,703/ 1948) 
have patented the preparation of N : N-dimethyl-N’-benzyl-N’- (2-thiazolyl} ethylene- 
diamine for use as an antihistaminic. Since compounds of this type are expected to 
be of immense therapeutic interest, it was considered worthwhile to undertake further 
investigations in the field. 


The method employed here, which is really a modified application of the observation 
of Dodson and King (J. Amer. Chem. Soc., 1945, 67, 2243) bas been reported earlier 
(Mahapatra and Rout, loc. cit.). For the preparation of these compounds, several 
routes have been developed by different workers, the more important of them being 
(x) by refluxing a mixture of 2-bromothiazole and an amine in pyridine (Ashley and 
Grove, J]. Chem. Soc., 1945, 768), (2) by treating 2-aminothiazole with CH,Mgl, followed 
by an aralkyl halide (Kaye and Parris, J. Amer. Chem. Soc., 1952, 7%, 2921), (3) by 
reaction of lithiated 2-aminothiazole with an aralkyl halide or by refluxing a mixture of 
2-aminothiazole, alkyl halide and lithium amide (Kaye and Kogen, ibid., 1951, 78, 5891), 
(4) by reaction of thiocyanoketones with amine hydrochloride (Mathes and Gregory, 
ibid., 1952, 74, 3867, 1719). The method adopted here is, however, more con- 
venient and affords the advantage that different substituents including even hetero 
rings can be easily introduced at different positions of the thiazole nucleus, depending 
on the nature of the ketone or ketonic ester taken as the starting material. 
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The thiazole compounds, prepared by condensing acetone with substituted thioureas, 
have also been mercurated in the hope that introduction of Hg would substantially 
augment bactericidai activity. Such expectation is justified in view of the investigations 
already carried out in this direction by Guha Sircar, Rout and others (this Journal, 
1952, 29, 769, 779; 1950, 27, 535 et seq). By reacting the thiazoles with 
mercuric acetate, acetoxymercurithiazoles are formed. Jt is assumcd here that on 
mercuration, the acetoxymercuri group enters the aryl nucleus attached to -NH group. 
Such an assumption is based on a sound support, since it has been found that 2-acety]- 
amino-4-methylthiazole (1) (in which the aromatic part is absent) does not undergo 
mercuration under the experimental conditions adopted in the present investigation 
for mercuration of 2-arylamino-4-methylthiazoles (II). This proves that acetoxymercuri 
group does not enter the thiazole nucleus. 


CH;.C——N CH;.C——N 
| — 
HC C.NH.COCH; HC c.nHd » 
vy 
S Ss 
(T) (iT) 


In view of earlier observations on the mercuration of aromatic amines and phenols 
(Newton Friend, “Text-book of Inorganic Chemistry’’, Part I ; Guha Sircar and Rout, 
loc. cit.), it has been assumed that the acetoxymercuri group enters the para position 
(with respect to -NH group) of the aryl nucleus in the thiazole base, and if the para 
position is blocked, substitution occurs at the ortho position. The mercurated thiazole 
bases possess the structure given below. The general method used for mercuration 


has been described in the Experimental. 


il I — 
HC CNH. ¢ )Hg0.COCH, 
V4 — 


Ss 


The experimental procedure adopted for the preparation of thiazoles has been 
illustrated in one particular case in the Experimental. In those cases in which the 
thiazole bases were found to be gummy and could not be crystallised from any solvent, 
picrates of the thiazole bases were prepared. The picrates on treatment with LiOH 
and subsequent extraction with ether liberated the thiazole bases in crystalline condition. 
Mercuration also proved heipful in converting gummy bases into granular ones. The 
mercurated products of these gummy bases were crystalline and on treatment with Br, 
and 1, yielded crystalline bromo or iodo derivatives of the corresponding thiazole bases. 


EXPERIMENTAL 


The substituted thioureas were prepared by the action of alcoholic NH; on phenyl- 
and tolyl-isothiocyanates (Dains, Brewster and Olander, ‘‘Org. Synthesis’’, Vol. I, p, 
437) or by the action of ammonium thiocyanate on the hydrochlorides of the correspond- 


ing bases (De Clermont, J. Chem. Soc., 1877, 81, 70). 
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TABLE I 


4-Methyi-2-arylaminothiazole. 


Thiazoles Picrates 
% Nitrogen. % Sulphur. % Sulphur, 

Comp. 

No. R= M.P. Yield. Found, Calc. Found. Calc. M.P. Yield. Found. Calc 
a Pheny! 86-28° 62% 14.54 14.73 16.62 16.84 1m° 86% 7.48 7.64 
2. o-Tolyl 110° 5! 13.43 13.72 15.41 15.64 120° 81 7.21 7.93 
3 p-Tolyl 174° = 55 13.50 13-72 15.45 15 64 166° 85 7.04 7.39 
4 o-Chloropheny! 111° 46 12.23 12.44 14 09 14.25 118° 82 7-25 7.05 
5 m-Chloropheny! 112° 44 12.09 12.44 14 12 14.25 120° 83 6.90 7.05 
6. p-Chloropheny! 81° 42 12.15 12.44 14-16 14.25 115° 85 7.18 7.05 
7 o-Carboxypheny! 235° 55 11.54 11.96 13 23 13.67 121° 80 685 601 
8 m-Carboxvpheny! 119" 53 11.58 11.96 13 36 13 67 110° 85 6.79 6.91 
9 p-Carboxypheny! 166° 50 11.65 11.96 13-41 13.67 115° 80 6.52 6.91 

10. m-Nitropheny] 105° 60 13-33 13.61 120° 75 6.66 6.80 

IT. p-Nitropheny! 166° 60 ae oti 13.25 13.61 114° 78 6.64 6.89 

12 a-Naphthyl 184° 64 11.38 11.46 13.04 13.33 116° R5 6.48 6.82 

13 8-Naphthy] 133° 60 11.42 11.66 13.11 13.33 215° 80 6.51 6.82 

TABLE II 
4-Methyl 2-\p-acetoxymercuri-arylamino) thiazole. 
Comp. % Hg. 

No R= M.P. Vield. Found. Cale 

14. Phenyl Avove 250° 85% 44 42 44.64 

15 o-Tolyl 80 43-38 43-29 

16 p-Tolyl ” 80 43.01 43-29 

17. o-Chloropheny! Decomg, 153° 77 41.08 41.36 

18 m-Chloropheny! Above 260° 70 40.94 41.36 

19 p-Chloropheny1l - 80 41.16 41.36 

20. o-Carboxypheny] - 72 45.92 45.30 

21 p-Carboxypheny] 220° 75 46.93 46.30 

22. m-Nitropheny |] 220° 70 40.32 40.56 

23. p-Nitropheny! 184° 70 40.14 40.56 

24. a-Naphthyl 186° 68 39-85 40.16 

25. B-Naphthyl 146° 72 40.02 40.16 

TABLE III 
Comp. M.E.D. Comp.. M.E,D. Comp. M.E.D. 

No. BE. Coli. Staph. No. E. Coli. Staph. No. E. Coli. Staph. 
I 1 12,000 1 21,000 9 I 21,000 I 11,000 17 I :120,000 I :100,000 

2 I 2,000 I 11,000 10 1 21,000 I :1,C00 18 I :120,000 I :100,000 
3 I 12,000 I 21,090 II 1 21,000 I :1.000 19 I :120,009 I :100,000 
4 I 24,000 I 22,000 12 T 32,000 I 32,000 20 I 240 ,000 I 360,000 
5 I 24,000 I 32,000 13 I 32,000 I 32,000 21 I 240 ,000 I 240,000 
6 I 14,000 I 22,000 14 1 :60,000 1 :80,000 22 I 140 ,000 I 240,000 
7 I 23,000 I 21,009 15 1 :80,000 1 :80,900 23 I 140 ,000 I 60,000 
8 I 31,000 I :1,000 16 1 :80,000 1 :80,000 24 I : 100,000 I :I100,000 

25 1 :80,000 I :100,000 
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4-Methyl-2-phenylaminothiazole.—Phenylthiourea (6 g., 2 M) and acetone (1.2 ¢., 
1M) were refluxed in presence of iodine (5.2 g.) for 6 to 8 hours on a watet- 
bath and heated again for another 10 to 12 hours without use of the condenser. The 
crude reaction product was then allowed to stand in contact with ether, w th occasional 
stirring, for 48 hours to facilitate removal of ketone and iodine, final removal of the 
latter being effected by sodium thiosulphate solution. The resulting product, which 
was then nearly colorless, was boiled with water and filtered hot. ‘The residue was 
treated with NH,OH (conc.) to liberate the base. The base was purified by crystallisa- 
tion from 50 to 60% alcohol two or three times. 


Thiazoles, prepared from carboxyphenylthioureas, dissoived in concentrated NH,OH. 
On acidification with acetic acid, the bases were liberated. 

Mercuration of Thiazoics.—The thiazole (1 M) in alcohol-dilute acetic acid solution 
was treated with an aqueous solution of mercuric acetate, acidified with acetic acid. 
Precipitate appeared after some time. The reaction mixture was allowed to stand 
overnight. The precipitate was filtered and purified by washing with hot water, alcohol 
and very dilute acetic acid. 

The properties and analytical data of the resulting thiazoles are shown in Table | 
and those of mercurated thiazoles in Table II. 


The Ridea)-Waiker Drop Dilution Method was used for the comparative antibacterial 
action. The results of biological tests indicating the maximum effective dilution 
(M.E.D.) of the mercurials at 10 minutes’ contact are shown against the compounds 
in Table II]. The temperature was 35°. The test organisms were 24 hours’ cultures 
of E. Coli and Staphylococcus aureus. 

The antibacterial data point to the definite conclusion that introduction of 
Hg enhances the bactericida! activity considerably. Compounds 1-13, which are 
unmercurated thiazoles, are active in maximum dilutions of 1:4,000, while compounds 
14-25, which are mercurated thiazoles, show activites in dilutions up to 1 : 120,000. 
Compounds containing chlorine atom (compounds No. 4, 5, 6,17, 18, 19) have got 
the maximum activity. The minimum activity is observed in case of compounds 
containing electronegative groups like carboxylic and nitro groups (compounds No. 
7, 8, 9, 10, IX, 20, 21, 22, 23). The compounds contiining naphthyl, tolyl and phenyl 
groups exhibit intermediate values for antibacterial action. 

The authors wish to express their sincere thanks to Dr. S. S. Guha Sircar, D Se. 


for many valuable suggestions and for his encouragement and interest in this investi- 


gation. 
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ACTION OF LIGHT ON SOME ORGANIC COLOURING MATTERS. PARTI 
By C. M. Desat aNp B. K. Varpya * 


When triphenylmethane group of dyes, particularly B. G. and M.G., are exposed to sunlight, either 
in solid form or in solution, oxidation with partial redaction and also dealkylation proceed, affording 
a series of products. With C. V., however, the oxidation process is less prominent, while with rosani- 
line the reaction is extremely slow. 

Iwamoto (Bull. Chem. Soc., Japan, 1935, 10, 420) reported that leuco bases were 
obtained as photodecomposition products from malachite green and crystal violet when 
they were exposed in solid condition to sunlight in sealed tubes, and ketones were 
obtained when exposure was made in presence of air. Henriquez (Rec. trav. chim., 1933, 
52, 991) demonstrated the formation of fuchsine and Doebner’s violet by demethylation 
process from C.V. and M.G. respectively, when exposed in aqueous solution to ultra- 
violet and visible light. The process is fast with ultraviolet and slow with visible 
light. Ackerman (J. Phys. Chem., 1932, 36, 780) coucluded that the fading of methyl 
violet and aikali blue colours involved both oxidation and reduction, without isolating 
apy product. 

The present work indicates that when triphenyimethane dyes as oxalates are exposed 
to light, oxidation and reduction accompanied by dealkylation proceed to afford a series 
of products. Both chemical and spectrophotometric methods were employed to study 
these products. 

EXPERIMENTAL 


The details as regurds exposure are recorded in Table I. The dyes, except ro- 
saniline, turned brown and an oily layer was seen floating on the solutions. 

Brilliant and Malachite Green.—The powders on oxidation with lead peroxide and 
acetic acid gave a green colour, characteristic of the leuco base. The respective ketones, 
p-diethyl-(m.p. 79°) and p-dimethyl-(m.p. 91°)-aminobenzophenones, were obtained after 
crystallisation from aqueous alcohol. 

From the residues, left after filtration of the solutions from the dishes and jars, 
the same ketones were isolated. Green and violet rings developed after some time on 
filter paper rims. The filtrates gave on oxidation violet colour. 


Characteristic of Leuco D.V. 


Crystal Vislet.—Leuco C.V. (m.p. 172°) was isolated from the powder after 
crystallisation from alcohol. The absorption curve of the mother-liquor, however, 
showed a ketone band. 

The residue, Jeft after filtration of the solutions, showed on oxidation red purple 
colour of the leuco-fuchsine. Michler’s ketone (m.p. 173°) was isolated after crys- 
tallisation from aqueous alcohol. 


Rosaniline was hardly affected. The absorption curve of alcoholic solution of 
the deposit on the sides of jar solution indicated a ketone band. 


* The present address : Ahmedabad Textile Industry's Research Association, Ahmedabad-o. 
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TABLE I 


Photodecomposition products. 


Dye. Exposure Exposed 
condition. quantity. 
Brilliant Green Powder 4.0 g. 
Dish soln. in 500 c.c. 2.0 
Deposit 5-9 


Jar solution in 3000 c.c. 


Flask soln. in 25 c.c. 
Powder 

Dish soln. in 500 c.c. 
Deposit 

Jar solution 


Malachite Green 
in 3000 C.c. 


Flask soln. in 25 c.c. 


Powder 


Crystal Voilet Dish soln in 500 c.c. 


Jar deposit in 3000 c.c. 


Powder 
Dish soln in 500 c.c. 
Jar soln in 3000 c.c. 


Rosaniline 


2.0 
6.0 


4.0 
1.0 
4-9 
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Exposure Decomp. % Yield 
time (weeks). products. 

12 0.22 g. (K) 10.8 

9 0.08 (K) 7.8 

9 0.44 (K) 14.6 ; 18.0 
9 0.103 (K) 3-4 
(6 days) 0.83X107! (K) 32.9 

13 9.225 g- (K) 11.5 

12 0.076 (K) 7.9 
20 0.32 (K) 12.02 

20 0.108 (K) 4.05$ 16.05 
(8 days) o.gX107-# = (K) 37.9 

4.0 0.435 (L.B.) 13.6 

15 0.053 (K) 2.3 

15 0.022 (K) 1.9 

33 0.105 (K) 30 

30 — _ 

30 - —_ 

33 Grey product _ 

0.0005 (K) 


L. B.=leuco base of crystal violet. K=ketone. 


Absorption Spectra of Photodecomposition Products 


The products were examined for their absorption spectra on the Hilger spectro- 


photometer. 


composition products of the dyes are shown in Figs. 1-2. 





FIG. 1 
o Roseniline decomposition product- 0.001 £ ale. sola, 
> pediethy] amino benzophenone - 0.0005 £ alc. sola. 


° G@imethyl amino benzophenone - 0.0005 # ale. soln. 





dia B.C. photodecomposition product- 0.0005 ¢ ale. soln, 


C'=———-- N.G, photodecomposiiéan product- 0.00058 ale. sola. 
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was also checked by the mixed m.p. method. 
may be due to pp’-diamino-3-methylbenzophenone. 


2000 











Fic. 2 
_ 

_ c.v. 6.64 x10 .- jer sola. 
D ceveece Residue after extraction of leuco base—0.00] ¥ ale.sola, 
c Michler's Ketone 0.0005 € ale. sola. 
e C.¥, photoproduct(ketone) 0.0005 £ alc.ssola. 
4a C.¥. lgpee bese 0.0005 £ alc. sola. 

| 0.0008 # ale. soln. 


mc. Ff &: photoproduct (L.3.) — 


The absorption curves of the authentic specimens with those of the de- 
The identity of the products 








Wave-length (A) 


The curve for the rosaniline product 


The position of the first bands 














exposed solutions. 


latter solutions. 
in solution. 
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greater intensity in exposed 

remains unchanged, while the 
This band is possibly due to a leuco 
modified in presence of other leuco 
is borne out by the similarity of spectra of solutions of artificial mixtures of a ketone with 
The origin of the third band of greater intensity 


Photoreduction appears to be 


oxidation being drastic (Fig. 2). 
By applying Beer’s law the yield of ketones in solutions was interpolated from a_ series 
of known concentration-absorption curves of pure samples (Table I). Thermal and 
photochemical oxidation of B. G. with hydrogen peroxide yielded also p-diethylamino- 


solutions, 


substances like 


a leuco base or an amine (Figs. 3-4). 
at A2zor7 (B.G., Fig.3) cannot be definitely stated. 
favoured in concentrated solutions, because for equal intensity of ketone band in dilute 














DISCUSSION 


benzophenone. 
FIG. 3 
@ — Britiant green 270% Cand *m emposed te senbgne im yer, quinrka) 
> ip dithny! omwnebenrephenone i6+ie m+ diet! atime “Dee Om 
< Britene gree sors", exposed to aumlgmt © days 
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Wave-length (A). 
tron. 
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Further, 
other band shows a _ shift 
compound, but it seems 
D.V. or an amine. This 


G— molechite gveen. “He 


»- 


. 


of the curves of B.G. and MG. solutions (Figs. 3-4) and general similarity with the 
bands of the ketones ‘Fig. 1) indicate that they are due to the respective ketones. 
The second weak band of pure ketone solutions is completely masked by a band of 
the position of ketone bands 


and concentrated solutions, the intensity of the second band is much greater for the 
With C.V. the reduction is favoured in powder form and oxidation 
The residue of C.V. powder after isolation of the leuco base shows the 
presence of a ketone band, while the solution does not indicate even the ketone band, 
Moreover, dealkylation is also favoured in solutions. 
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The first step must be the simplest photo-oxidation process i.e. ejection of an elec- 

In the fluid medium, however, the electron can return in a very short time. 
Nevertheless, during the short time in which the electron is removed, other processes 
may occur which lead to the decomposition of the original substances (Lewis and Bigele- 
isen, J. Amer, Chem. Soc., 1943, -3, 2419, 2424). The ejection of electron is facilitated by 
the substituents in the nucleus in the following order :-C,.H, >—CH; > H. The residual 
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positive charge in B.G. and M.G. is not equally distributed along the horizontal and 
vertical axis of the dye molecule, as one phenyl nucleus is unsubstituted. As the 
polarisability is greater along the horizontal axis, the oxidation would take place along 


this axis as follows: 
O 
— + — (O) _ | —_— 
RNC y—C-€ NR—>€  )-C-€ NR, 
— | —— — sicerapioenieel 
| 


“™N 


VY 


Moreover, as the polarisability due to ethyl groups is greater in B.G. than that 
due to methy] ones in M.G, the former is more readily oxidised than the latter. 
Symmetrical substituticn and corresponding even distribution of polarisability in leuco 
C.V. explains its less susceptibility to oxidation in solid state, as compared to that of 
leuco B.G. or M.G. The polarisability is least and evenly distributed in rosaniline; so 
it is most stable. The greater ease of Michler’s ketone oxidation in solution as com- 
pared to that of other ketones can be similarly explained. 


This work was carried out at the University Department of Chemical Technology, 
Bombay. The authors thank Dr. R.B. Forster and Dr. K. Venkataraman for their 


interest in the work. 


M.T.B. COLLEGE, 
Surat. Received September 1, 1953 
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MATTERS. PART II 





ACTION OF LIGHT ON SOME ORGANIC COLOURING 
By C. M. Desar AND B. K. VArpya 


The absorption spectra of triphenyimethane colour solutions. decolorised by different light sources, 
show that the same photochemical change takes place irrespective of the light source. Variations in band 
intensities indicate that the decomposition products are not in the same proportion at the end of the 
change. 


In the present communication the absorption spectra of pure dye solutions as 
well as those exposed to different light sources (Figs. 1-3a), have been described to 
ascertain the nature of the photochemical change. The following dyes were selected : 
oxalates of B.G., M.G., C.V., rosaniline and hydrochlorides of chrysoidine, amino- 
azobenzene and picric acid and uaphthol yellow. The light sources employed were 
(1) quartz-mercury arc, (2) C.P.A. glass enclosed carbon arc, (3) a tooo c.p. Ediswan 
point-o-lite lamp and (4) sunlight. The sources (2) and (3) resemble sunlight in 
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their spectral distribution, but the former brings about the change faster, while the 
latter has much lower but nearly constant intensity. Mercury lamp brings about the 
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change quickly due to ultraviotet rays and ozone formation (Henriquez, Rec. trav. chim., 
1933, 52, 901). In this case, the change may be different from that produced by other 
sources (Grant, Paper Trade Rev., 1935, 103, 1463). The time of exposure to decolor- 
ise dye solutions (25 c.c., 0.002% in distilled water) varied with the nature of the light 
source and the dye. B.G. solutions (25 c.c., 0.002%) under glass filters were also ex- 
posed to sunlight and mercury lamp to study the change in different regions of the 
spectrum, 
DirscussION 


The absorption spectra (Figs. 1-2) for any one dye solution, exposed to four light 
sources, agree within themselves as 


Fic. 

Cities regards the position of the band 
and its general disposition. The 
first band at about A3550 shown by 

7 Sf B. G. and M.G. solutions is due 
+0000 + enpehd @iemingd pe ardes i to the presence of p-diethyl- or p-di- 
eae + + mercury Vapour lame fey gotns. / ¢ methyl-aminobenzophenone _respec- 


‘on a em ia ” tively (cf. Part I, this issue, p, 261). 
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ioe The second band is probably due to 

the leuco base which is responsible 

for masking the second weak band 

of pure ketone solutions. Similarly, 
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Michler’s ketone modified by the pre- 
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= sence of other substances. The band 
intensity, in any one set of spectra, FIG. 3A 
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and mercury lamp, the weak ketone 
band is lost in general absorption 
It appears that the same chemica] 
change ( oxidation-reductiion) has 
been brought about by the action of 
different light sources in any one 
colour. The general absorption ob- 
tained with each of the remaining 
four colours, faded by the different A => 

ight sources, is nearly identical (typical Fig. 3, chrysoidine). It is likely that the 
nature of the change is independent of the light source. 
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B.G. Exposed under Different Glass Filters 


Comparison of the absorption regions for filters (Fig. 4) and B.G. shows that 
radiation with red, yellow and green glasses results in the excitation of the first band 
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of the dye in red, while the blue glass will mostly excite the second band in blue and 
the chance glass, the third band in ultraviolet. All the curves (Fig. 5) show great 


Fic. 3A (contd.) similarity and so all the bands would 
induce the same _ photochemical 
- i a eee change. There are, however, varia- 
bsncacnPialsatiee Gents G6le celts, Band tions in the intensities of two 

bands at A3650 and A2470. So, it 
yor appears that the products of the 
change in different regions of the 





spectrum are not in the same pro- 
. ' j portion due to secondary reactions. 
: :\ j ‘The curves (d) and (e) are obtained 
‘ .- with plain and blue glasses respec- 

‘ . . tively. With the former, both the 
yy . 4 et bands are strong, while with the 
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two bauds are partially independent of each other to account for this observation. 

The blue band(Y) of the dye, like other bands, excites the molecule, bringing about the 
; ff 7A—a 

change: (1) D+hV—D*,; (2) D* , A being responsible for the band A3650 
\_+B—b 


and B for A2470. With the plain glass, changes to A and B are both favoured; but these 
changes must be proceeding at a lower rate than with the blue glass, in spite of the 
higher transmission in the blue region. This may be explained on the basis of the 
quasi-classical theory of Lewis and Calvin (Chem. Rev., 1939, 25, 273)- 


There are two components of electronic oscillations correspending to X (red) and 
Y (blue) bands acting respectively along the horizontal and vertical directions of the 
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axis of the molecule. Wath the blue glass only the Y band, i.e., the vertical component, 
is effective and so the corresponding strain on the molecule must be sufficiently great, 


leading to a rapid change. 


With the plain glass, both the X and Y bands would be 


effective, or in other words, both the horizontal and vertical components would bz 
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simultaneously acting and at times 
relatively balancing each other, so 
that the change would be slow. 
The results, obtained with red, 
yellow and green glasses which 
transinit radiations absorbed in the 
X band of the dye, are similar to 
those obtained with the plain glass. 
Here the X band does not seem to 
be so effective as the Y band and the 
latter, likely to be absorbed by A, 
is absent. 

Irradiation with mercury lamp 
(Fig. 5) shows that the blue and 
yellow filters bring about the same 
change, the time required being 
about double with the latter. The 
absorbed energy values, calculated 
from transmission factors of the fii- 
ters, and energy of radiations for the 
mercury lamp (British J. Radiology, 
1939, 12, No 134), indicate that 
the Y band is about one and half 
times more effective than the X band. 
Results, obtained with the chance 
glass, indicate that the X band 
(A 3130) is nearly as active as Y band, 


This work was carried out at the University Department of Chemical Technology, 


Bombay. The authors express their thanks to Dr. 


Venkataraman for their interest in the work. 


M. T. B. CoLtecer, Surat, 


R. B. Forster and Dr. K. 


Received July 27, 1953. 
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A NEW ROUTE FOR THE SYNTHESIS OF CHLOROMYCETIN 
INTERMEDIATES. PART I 
By A, B. Sen anv D. D. MvuKerjI 


8-Phenylserinol Has been synthesised starting from acetophenone. 


Starting from acetophenone, 8-phenylserinol, an important intermediate for the 
synthesis of chloroamphenicol, has been prepared by a new method, through the follow- 
ing stages: 
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It is interesting to note that the 6-phenylserinol, obtained by this method, is of the 
threo configuration, as is evident from its melting point and further confirmed through 
the melting points obtained of its benzoyl derivatives. 

Condensation of acetophenone with ethyl formate in the presence of dry sodium 
ethoxide in absolute ethanol resulted in the formation of the sodium derivative of oxy- 
methylene-acetophenone (A). Bromination of the oxymethylene-acetophenone was 
effected by suspending the sodium compound in dry carbon tetrachloride and adding 
to it two equivalents of bromine (Bukadia and Deshapande, this Journal, 1949, 29, 455). 

In order to replace the bromine atom uf the above bromo-oxymethylene-acetophe- 
none with a —NH, group, Gabriel’s phthalimide method was applied. Condensation 
with potassium phthalimide could not be effected either by directly heating at various 


12—1851P—3. 
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temperatures ranging from 140°-200° (both in a sealed tube and in a round bottom flask, 
fitted with a reflux condenser) or by refluxing in absolute ethanolic solution. Shehan 
and Bolhofer’s modification (J. Amer. Chem. Soc., 1950, 72, 2786) of this method, 
using dimethylformamide instead of absolute ethanol, was also attempted but without 
success. A slight modification of this method, however, succeeded—condensation with 
sodium phthalimide instead of potassium phthalimide ‘in absolute ethanol yielded the 
desired compound. It may be mentioned in this connection that Weisz and Lanyi 
(Chem. Zentrl., 1934, 1, 2746) have employed this method for the preparation of benzy!- 
phthalimide. 

It was observed that the condensation with molar equivalent of sodium phthalimide 
with the above bromc-oxymethylene-acetophenone left much unchanged substance even 
after 24 hours of stirring and refluxing. A better yield (75-80%) was obtained by using 
1.5 molar equivalent of sodium phthalimide. 

The above phthalimide condensation product on hydrolysis with HCI (conc.) in the 
presence of glacial acetic acid in a sealed tube, and on basification yielded a solid com 
pound (m.p. 195-96°), which was not the expected aminoketo-aldehyde, as on analysis 
it was found to contain 11.96% of nitrogen instead of 8.6% ; moreover, on refluxing 
with aluminium isopropoxide solution it did not yield the desired 8-phenylserino!. Since 
this compound is expected to contain a 8-ketonic system and an amino group, it is 
presumed that on basification a pyrazine derivative has been formed (Gabriel, Ber., 
1908, 44, 1127 ; Tutin, J. Chem. Soc., 1910, 91, 2500). This was confirmed by the 
specific colour test for pyrazines (loc. cit.) 

Reduction of the unhydrolysed phthalimide condensation product proceeded very 
smoothly in hot anhydrous isoPrOH by at first adding one molar equivalent of aluminium 
isopropoxide and then two to three molar equivalents after an hour. 

Hydrolysis of this reduced phthalimide derivative was accomplished easily by 
adding one molar equivalent of 50% aqueous hydrazine hydrate to the methanolic solution 
of the compound. The precipitatated phthalylhydrazide was filtered after acidifying with 
concentrated hydrochloric acid. The filtrate was then concentrated under reduced 
pressure. -A small amount of water was added to it and cooled to o°. It was then filtered 
from the insoluble substance. The filtrate was then neutralised with ammonium hydro- 
xide solution. On keeping this solution for a week after adding a little alcohol, 


8-phenylserinol crystallised out in 80% yield. 


EXPERIMENTAL 

(Ai. The sodium derivative of oxymethylene-acetophenone was prepared by the 
condeusation of freshly distilled acetophenone. (60 g.) and ethyl formate (40 g.J_ in 
presence of diy sodium ethoxide in absolute ether, according to the direction of Bulow 
and Sicherer (Ber., 1901, 84, 3891), in 90% yield on the weight of acetophenone. 

(B). The bromo-oxymethylene-acetophenone was obtained by the addition of 
bromine (16 g.) to the preceding compound (17 g.) in CCl,, according to the direction 
of Bokadia and Deshapande ‘loc. cit.) ,yield 12.g. (60%), m.p. 105-106°. 

(C). §$-Phthalyloxymethylene-acetophenone.—Sodium (0.5 g.) was added in small 
pieces to 20 c.c. of absolute ethanol in a three-necked flask fitted with a‘stirrer and a re- 
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flux condenser. After the sodium had dissolved finely powdered phthalimide (3.3 g.) 
was added to it and refluxed for 2 hours. Without isolating the sodium phthalimide, the 
compound (B) (3.5 g.) was added and the whole refluxed on a water-bath for 10-12 hours. 
On leaving it overnight, (C) was crystallised out, which was recrystallised from ethanol, 
m.p. 164-65°, yield 3.4 g. (80%). (Found: N, 4.50. C,,H,,0,N requires N, 4.78 per cent). 

(Dj. 1-Phenyl-2-phthalyl-1 : 3-propane-diol.—The compound (C) (2.5 g.) was added 
to a hot solution of freshly distilled alursinium isopropoxide (2 g.) in 50 c.c. dry iso- 
propyl alcohol in a 150 c.c. three-necked flask, equipped with a stirrer and a Hahn 
condenser. After a few minutes an opaque red-brown solution was formed. Stirring 
and distillation of acetone were continued for an hour, then an additional 4g. of alu- 
minium isopropoxide in 10c.c. of dry isopropyl alcohol was added. The reduction 
was completed after a total period of 3 hours During the last half hour distillation 
was rapid, and a total of 20-25 c.c. of isopropyl alcohol was removed. 


The thick red-brown residue was allowed to cool just below the reflux temperature, 
and water (5 c.c.) wasadded. The mixture was then again refluxed for 15 minutes and 
filtered. The residue was extracted twice again with additional 25 c.c. portion of 80% 
isopropyl alcohol. The combined extracts were concentrated in vacuo, when a white 
crystalline substance was obtained which melted at 156-57 
EtOH, yield 2.3 g. (Found: N, 4.50. C,,H,sO,N requires N, 4.72 per cent). 

(E). §8-Phenylserinol—The above compound (D), finely powdered (1 g.), was 
warmed with 50% hydrazine hydrate (1 M) in methanol (25 c.c.). A white 
gelatinous precipitate was obtained which was decomposed by warming with 
slight excess of HCl (conc.). The insoluble phthalylhydrazide was filtered off and 
the precipitate was washed thoroughly with water. ‘The filtrate was concentrated under 


° 


after recrystallisation from 


vacuum to remove the excess HCl. A small amount of water was added to it and then 
cooled to o°, when a further quantity of phthalylhydrazide separated out, which was 
filtered and the filtrate was again concentrated to a small bulk, cooled and was then 
neutralised with ammonium hydroxide solution. On keeping this solution for a week 
after the addition of little alcohol, a white crystalline substance was obtained, which was 
filtered and then recrystallised from dilute ethanol, m.p. 86-88°, yield 0.4 g. (80%). 
(Found: N, 8.>. Calc. for C,H,;0,N: N, 8.39 per cent). (threo-8-phenylse1inol, m.p. 
88° ; Chem. Abs., 1950, 44, 7268). 

A sample of the above base (o 4 g.) was treated with benzoyl chloride and 1N-NaOH 
with shaking. After crystallisation from acetone the product melted at 145-46°. This 
benzoyl derivative has been proved to be dibenzoyl compound (J. Amer. Chem. Soc., 
1949, 71, 2468), which on hydrolysis with 1.2 equivalents of NaOH in 25 c.c. of 50% 
methanol at reflux for 1 hour yielded the monobenzoy! derivative, m.p. 165-66°. Thus, 
it further confirms that the substance obtained above is threo-8-phenylserinol (J. Amer. 
Chem. Soc., 1949, 71, 2465). 

One of the authors (D.D.M.) is indebted to the Scientific Research Grant Committee, 
U. P. for the award of a research grant. 
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EVALUATION OF TRUE ZETA POTENTIAL OF PARTICLES OF 
POWDERED PYREX GLASS IN CONTACT WITH 
SOLUTIONS OF ELECIROLYTES 


By B. N. Guosu 


An equation of the form, 


1/ 


has been derived on the basis of surface conductivity correction, for the evaluation of true zeta poten- 
tial of diaphragms made of powdered meterial (where k is a constant; S, the specific conductivity 
in bulk of the solution in contact with the diaphargm; x., the specific surface conductivity found 
: experimentally ; ¢, the true zeta potential and ¢,, the potential calculated from Smoluchowski's equation). 

It has been shown that the values of true ¢ potential of the particles of a diaphragm made of 
powdered pyrex glass, calculated from the above equation, are in satisfactory agreement with the 


experimental data of Wijga. 


It has been reported previously by Ghosh (Trans. Faraday Soc., 1953, 49, 1477) 
and Ghosh and Rakshit (‘Science & Culture, 1953, 18, 489) that in the presence of equis 
coagulating concentration of different electrolytes there is a quantitative relationship 
between the zeta potential ¢, determined by the electroendosmotic method and calculated 
from Smoluchowski’s equation and the bulk specific conductivity, S, of the electrolytes 
used. ‘I'his can be expressed by the equation 

I I 
ae 3 + os cos 
where C is a constant which has been identified with the true zeta potential, (, of the 
coagula in contact with the equicoagulating concentrations of the electrolytes used and 
m is a quantity which remains constant so long as the conditions under which the dia- 
phragm is formed, are maintained the same. 

On the assumption that the diaphragm made of coagulated particles of a colloid 

may be treated as equivalent to a uniform capillary tube of proper dimension, it has 


been shown by Ghosh (loc. cit.) that surface conductivity correction would lead to an 
equation of the form 

“—_ — 2) 
t S 
where ( and y represent the true zeta potential and specific surface conductivity and k 
is a constant, the other terms having the same significance as in equation (1). It is 


obvious that when ¢ and x remain constant, equation (2) reduces to the saine form as 


k 
¢ 


equation (r). 
Overbeek and Wijga (Rec. trav. chim., 1946, 68, 556) and Mazur and Overbeek 


(ibid., 1951, 70, 83) have, however, pointed out that a diaphragm made of fine particles 
of different size and possessing appreciable surface conductivity should be treated as 
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equivalent toa number of short capillaries of different diameters connected in series 
with each other. *'Even for such a diaphragm they have shown that E/P for streaming 
potential is equal to v/i for electroendosmosis. 

It has, however, been found by Wijga (Thesis, Utrecht, 1946) that for a given 
concentration of an electrolyte, even after applying surface conductivity correction, 
the zeta potential of a diaphragm, made of powdered pyrex glass, does not agree with the 
zeta potential of a pyrex capillary tube. Since the glass is the same, the true zeta 
potential of the powdered glass should be identical with that of the capillary tube. 
This assumption is justified by the fact that the difference between true and observed zeta 
potentials diminishes as the concentration of the electrolyte, bathing the capillary tube 
and the diaphragm, increases. Overbeek and Wijza (loc. cit.) have therefore concluded 
that the exact correction necessary for a diaphragm cannot be indicated from theoretical 
considerations. 

Fora uniform capillary tube, the application of surface conductivity correction 
(Rutgers, Trans. Faraday Soc., 1940, 38, 69 ; 1947, 48, 102) leads to the expression 


cre) “4 


where A is equal to 27R, the surface area per unit length, and R, the radius of the 
-capillary tube. In deducing this expression it has been assumed that 
mR*(K,p — S) = Ax = 2nRx, 
where Ky is the conductivity per unit volume of the electrolyte inside the capil- 
lary tube. This assumption no doubt holds good for a uniform capillary tube with a 
smooth wall, but as is evident from Wijga’s data, it fails for a diaphragm, since it leads 
to too low a value of surface conductivity correction. ‘Therefore, to replace a diaphragm 
by an equivalent capillary tube, we use the expression : 
n(aR)?(Kp -S) = 2n(a@R)X ie ow aa 
where @ is a correction factor greater than unity. Wijga calculates the specific surface 


conductivity from the expression ‘K, —S)R/2. 
We put it equal to X, to denote that it is the experimentally determined value of 


the surface conductivity. Putting this in equation (5), we get 


ae°aRx. = 274Rx 


or ax, =X, 
If this value of X is used in equation (3), then we have 
‘ie at) 
Se = [I t+—— ose ek , 
o/b ( RS (6 


This means that if the diaphragm is to be replaced by an equivalent capillary tube, then 
for the calculation of the effective surface area of the diaphragm, the required value 
of the radius will be « times greater than what is found experimentally by the method 
adopted by Wijga (loc. cit.). Now, substituting k for 2¢/R in equation (6) we yet 


C/k. = (x +H ) pen a. aa 
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It will be noticed that equation (7) is of the same form as equation (2), previously 
suggested by Ghosh (loc. cit.). The value of k in equation (7) can be calculated by 
substituting into (7) the true value of ¢ taken from Wijga’s data on pyrex capillary 
tube for a given value of c ‘the concentration of electrolyte) and using at the same 
time the corresponding values of S,{, and x., determined experimentally for the dia- 
phram of powdered pyrex glass. It will be noticed from the data recorded in the 
following tables that equation (7) enables the calculation of true zeta potential of the 
diaphragms to be made in a fairly satisfactory manner. 

In Table I are recorded the data of Wijga (Thesis, Utrecht, 1946, p. 69) on 
measuremeats of streaming potential of pyrex capillary tube in contact with solutions 
of KNO,; in Table Il are given similar data for pyrex glass diaphragm along 
with those calculated from eq. 7) ; Table III contains the electroendosmotic data on 
pyrex capillary tube in contact with solutions of Ba(NO,),, while Table IV contains 
similar data obtained by using a powdered glass diaphragm. In Table II the values 
of ¢( (Wijga) for the diaphragm has been calculated by Wijga from the equation 

 - aon S K> se . (8) 
where E is the potential difference generated under a pressure P, 9, the coefficient of 
viscosity and D, the dielectric constant of the medium. Since 

to = 4ny/D .E/P.S 
according to Smoluchowski’s equation, (8) may be written in the form 

¢ = (,K>/S. 
The values of (4 recorded in ‘Tables IJ and IV are calculated by dividing the 
corresponding values of ¢ (Wijga) by Kr/S. Utilising the data in Tables I and 
III on the pyrex capillary tube in contact with solutions of electrolytes curves 
are drawn by plotting ( against c. From these curves the values of ¢ corresponding 
to any desired values of c, and therefore of S, can be found. In columns 7 and 8 
of Tables Il and 1V are recorded the values of true zeta potential found from the 
graphs and calculated from equation ‘7). It will be noticed that the agreement between 
the two sets of values is quite satisfactory. 

It may also be mentioned that the values of * for the two diaphragms (G. 5) and 
(G. 10), calculated from the relation k=2@/R, are 2.5 and 2.4 respectively 


TABLE I 


Streaming potential of pyrex capillary tube in contact with solutions of KNO,.* 


¢ (u equiv./litre) c (wu equiv./litre). 

re) 138.0 m.v. 43.0 118.5 m_y. 
3-5 135.0 40.7 123.9 
2.8 132.5 105.5 117.2 
9-3 128.7 107.0 118.2 
10.5 131.0 214.0 113.8 
22.9 128.6 218.0 III.3 
22.1 126.7 


* (vide Wijga's thesis, 1946, p. 49.) 
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TABLE II 


Streaming potential of diaphragm (G. 5) of powdered pyrex glass in contact with 
solutions of KNO,.* 


¢ (u. equiv./litre). Sx10!. Kp x10!. XxX. X 10%, ¢ (Wijga). a Values of ¢ in m.v. from 
Kq. (7) Graph. 
° 5.05 13.2 0.91 71.4M.V. 27.3 m.v. 136.5 138 
9.15 11.66 19.9 0.93 82.1 48.0 132.5 132 
12.20 16.20 26.4 1.15 87.2 53-5 136.9 131 
20.80 26.83 38.0 1.25 gI.5 64.4 139.7 128 
43-70 56.40 70.5 1.59 94.1 75-3 121.2 123 
I1I.00 141.10 159.5 1:68 97.5 88.2 112.0 117 
170.00 217.50 240.0 2.54 96.0 87.1 109.6 115 


* (Wijga’s thesis, 1946, p. 89). 


TABLE III 


Electroendosmotic measurements ustng pyrex capillary tube in contact with 
solutions of Ba(NOs)2. * 


10 20 5u 100 200 


4 


c (wu. equiv./litre) o I 2 5 
¢ (m.v.) 139.8 118.2 III. 101.0 93-5 85.5 75.3 67.7 60.5 


* (Wijga’s thesis, 1946, p. 67) 
TABLE IV 


Electroendosmotic measurements using diaphragm (G.10) made of powdered pyrex 
glass in contact with solutions of Ba(NOs);. 


c (u. equiv./litre). Sx 107. Kp x10". ¢ (Wijga). cr. * Values of ¢ (m.v.) from 
Eq. (7). Graph. 
° 6.01 15.5 75-3 m.V. 29.2 m.Vv. 139.8 139.8 
2.4 8.87 19.8 67.2 30.1 119.1 109.0 
9-6 17.5 29-9 62.9 36.8 99.3 94.0 
53-0 67.3 84.8 59-2 47.0 76.6 74.0 
110.0 137.8 153-2 54.0 48.7 61.9 67.0 
225.0 275.0 296.9 50.1 46.4 54.8 58.6 


* Taking k = 22.1 X 10? in Tables LI and IV. 


DiscuSSION 


It will be noticed from the data recorded in Tables II and IV that the agree- 
ment between the values of ¢ for the particles of the powdered glass diaphragms cal- 
culated from equation (7) and those found from Wijga’s data, obtained by using capillary 
tubes of the same glass, is quite satisfactory. For example, for a solution of KNO, of 
concentration, 9.15 « equiv. /litre, the value of zeta potential obtained by Wijga for the 
diaphragm is 82.1 m.v., whereas the value calculated from equation (7) is 132.5 m.v., 
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the later value being in satisfactory agreement with 132 m.v., the value of true (¢ of the 
pyrex capillary tube. Similar remark also applies to the values of zeta potential 
(obtained by the electroendosmotic method) of the capillary tube and the powdered 
glass diaphragm in contact with solutions of Ba(NO,),. Attention may be drawn to the 
fact that the value of k used in equation ‘7) for the calculation of the true zeta potential 
is the same for both the diaphragms. ‘This constancy of k may be due to the the aver- 
age values of the radius of the diaphragms (G. 5) and (G. 10) found by Wijga being 


nearly the same, viz., 22.6 10°* cm. and 21.8 x 107‘ cm. respectively. 


In conclusion the author wishes to express his sincere thanks to Dr. P. W. O. 
Wijga for sending him a copy of his thesis aud for interpreting in English some of his 
results. He is also grateful to the Council of Scientific and Industrial Research for the 
awaid of a research grant to continue further work on this line. 
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ALTERNATING CURRENT ELECTROLYSIS. PART Il. ELECTROLYSIS 
OF SULPHURIC ACID SOLUTION WITH PLATINUM ELECTRODES 


By K. M. Josu1 


A study of the electrolysis of sulphuric acid solutions with polished platinum electrodes using 
alternating current of the square-wave form has been made. At frequencies below 30 cycles/sec., 
gas evolution takes place at both the electrodes, the gas obtained being a mixture of hydrogen and 
oxygen in a volume ratio greater than the theoretical 2:1 proportion H 3 drogen peroxide is formed 
during electrolysis The current efficiency falls with increase in frequency, duration of electrolysis 
and concentration of electrolyte. It increases with increase in current density and temperature. 

The frequency at a certain current density, when visible gas evolution ju-t ceases, has been deter- 
mined. A constant value for the number of ccoulombs in one half cycle was obtained at this value of 
frequency. 

Explanation for the various facts observed has been given on the basis of rapid rate of discharge 
of ions and slower rate of combination of the atoms produced. Bowden's theory regarding the forma- 
tion of a monatomic layer of hydrogen on the electrode during hydrogen-ion discharge has been verified. 
The lowering of current efficiency with frequency has been explained as due to recombination reactions 


at the electrodes. 
The formation of hydrogen peroxide has been explained through the formation of HOg, radicals at 


the electrode. 


Chemical effects produced by the passage of an alternating current between elec- 
trodes through electrolytes like H,SO, and NaOH have been studied by a number of 
workers. Ayrton and Perry (Electrician, 1888, 21, 299) observed that during electro- 
lysis of 33% H,SQ, solutions with an A.C. frequency > 1000 cycles/sec., gas evolved 
about twice as fast at one electrode as at the other, the former consisting mainly of 
hydrogen, while the latter was an explosive mixture. The rate of decomposition was 
found to fall off with increase in frequency of alternation. With electrolytes like 
sulphuric acid and sodium hydroxide, Marsh (Proc. Roy. Soc., 1920, 97A, 124) also 
observed that the rate of gas evolution at platinum wire electrodes was not uniform 
but fell off with progress of electrolysis. This was explained as due to variation in the 
nature of electrode surface, the electrodes showing increased activity of adsorption and 
also facilitating recombination of electrode products. Shipley and Goodeve (Trans. 
Amer, Electrochem. Soc., 1927, 52, 375) using N/20-NaQOH as electrolyte showed that 
below a certain “‘critical current density’’, electrolysis did not take place at all and 
that A.C. electrolysis followed Faraday’s laws above this value of C.D., the magnitude 
of which depending upon the electrolytic capacity of the electrodes. 


In all the experiments on the subject, no attempt seems to have been made to 
determine the exact composition of the electrode gases in A. C. electrolysis. More- 
over, the alternating current employed by these workers was the usual sine-wave type 
so that only the average value for the C.D. could be evaluated. In the present work, 
chemical effects produced by alternating current of square-wave type between polished 
platinum electrodes in H,SO, solutions have been studied. The electrode gases have 
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been analysed and effects of frequency, time, current density, concentration of electro- 
ilyte, and temperature on the composition of electrode gas studied with a view to having 
some insight into the various electrode processes. 


ExPERIMENTAL 


The experimental arrangement was the same as that used in the previous part 
(this Journal, 1952, 29, 69). The electrolytic vessels were 600 c.c. pyrex beakers, placed 
in a thermostat, maintained at 27°+ 0.5°. The electrodes were of polished platinum 
fused into J-shaped glass tubing, separated by a fixed distance of 4m. in all the 
experiments. The gas evolved at each electrode was collected through gas collecting 
funnel tubes attached to a gas burette hy a capillary tube. The electrolytic gas collected 
at each electrode was aualysed for hydrogen and oxygen. The electrolyte was 
prepared from G. R. sulphuric acid. 

It was observed that at a certain C. D., the rate of gas evolution in A.C. electrolysi- 
of H,SO, solutions fell with increase in the frequency of alternation. Table I records 
the results on the reaction between current efficiency and frequency of alternation. 


TABLE I 


Electrolyte = N/20-H,SO,. Electrode area = 4cm?. Ampere hours=1.8, 


Electrode I. Electrode TTI. % Current effi- 
Current. Frequency —————-- -— -— ——-—~———— ciency of gas evolu- 
(cyeles/sec.). Total Hp. oO, Total Hy Og tion from both 
gas. gas. electrodes. 
300 ma 3 ¢.¢. 23.5 CL. %.§CL. 7.90 20.0CC. 14.6¢.c. §.4¢C¢. 11.04 
“a 5 8.3 6.0 2.3 8.0 6.0 2.0 4-34 
” 10 3.8 2.8 T.0 2.9 2.1 0.8 1.78 
°» 20 1.6 0.8 0.8 1.4 0.9 0.5 0.797 
9 30 0.2 ove oe 0.3 = eee 0.13 
- 40 Nil oe i Nil on ns Oo 
a 50 Nil ove oes Nil ove “ fe) 
600 ma 4 47-3 32.7 14.6 401 28.0 12.1 23-3 
ai 6.67 21.3 15.4 5.9 20.2 14.2 6.0 11.04 
= 10 14.8 10.5 4:3 12.7 8.8 3-9 7-31 
a 20 1.9 1.3 0.6 1.3 0.9 0.4 0.85 
‘ 30 0.6 06 ial son 0.32 
™ 40 0.2 eee sie 0.2 aes ‘is 0.13 


It was observed during electrolysis that above a frequency of 40 per second, there 
was no gas evolution at both the electrodes while disintegration of the electrodes took 
place and the electrode became coated with finely divided black deposit of platinum. 

The value of the frequency, when current efficiency falls to zero, can be evaluated 
from the above data by plotting the current efficiency against frequency of alternation 
and extrapolating the curve to zero value of current efficiency. 


Several experiments were performed with a view to ascertaining the relaticn, if 
any, between C.D. and frequency at which gas evolution ceased altogether. For this 
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purpose, the edges of the platinum electrodes were carefully coated with wax. At certain 
fixed frequency, the current density was gradually increased and the current strength, 
when gas evolution at the electrodes just became perceptible, was noted. The experi- 
ment was repeated with reactivated platinum electrodes, the process of reactivation 
being the same as that of Pearson and Butler (Trans. Faraday Soc., 1938, 34, 1163). 
At the frequency employed in the previous experiment, the current strength was so 
adjusted that copious gas evolution took place at each electrode. ‘The current strength 
was gradually lowered till gas evolution at the electrode stopped. ‘The average of the 
two values obtained was noted as the C.D. at which gas evolution commenced at a difinite 
frequency. The results are recorded in Table 1. 


TABLE II 


Conc. of electrolyte=N/5-H,SO,. 


Frequency Current when Coulombs passed Frequency Current when Coulombs passed 
(cycle/sec.). gas evolution during one half (eycle/sec.). gas evolution during one half 
stops. cycle. stops. cycle. 
Area of electrode = 4 cm’. Area of electrode = 2 cm’. 
5 65 ma 6.5x1073 5 4o ma 4.0x 1078 
10 130 6.5 10 76 3.8 
15 195 6.5 20 138 3-45 
20 280 7.0 30 190 3.17 
30 380 6.23 40 264 3.3 
40 520 6.5 Mean 3.541078 


Mean 6,54 x 1073 


TABLE III 


Conc. of etectrolyte = 0.05N. 


Frequency Current. Time of elec- Hy. Org. H,0; Available Total O, 
per sec. troivsis. (g. x 1073). O, from liberated (sum 
H,0,. of columns 5&7) 
10 200 ma 60 min. 4-2C.c. 1.6 c.c. 0.422 0.28 ¢.c. 1.88 
- 400 30 10.8 45 0.935 0.42 5.12 
- 600 20 20.8 9.5 1.568 1.04 10.54 
5 200 105 15.8 6.3 1.417 0.96 7.26 
rm 400 30 29.0 12.8 2.352 1.56 14.36 
” 600 20 36.8 16.2 2.775 1.84 18.04 
40 600 42 2.8 1.2 0.151 0.1 1.3 
10 * 400 30 5.8 2.2 0.784 0.52 2.72 
10 + 400 30 2.8 I2 0.392 26 1.46 


* With 1.02N-H,SO, 
+ With 7.12N-H,SQ,. 


Thus, for a particular area of electrodes at the limiting C. D. a constant value for 
the number of coulombs passed during each half cycle was obtained and found to be 
proportional to the area of the electrode. It thus represents the limiting number of 
coulombs reyuired during each haif cycle for visible gas evolution to take place. 
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During electrolysis hydrogen peroxide was formed in the electrolyte and estimated 
against standard KMnQO,. The solution was tested for the presence of persulphate 
during electrolysis with benzidine reagent and it was found absent. As will be seen from 
the above data (Table II), the volume of oxygen collected at either electrode is always less 
than half the volume of hydrogen evolved at that electrode. The results of a few experi- 
ments correlating the amount of hydrogen peroxide formed and the composition of 
electrode gas are shown in Table III. 


A portion of the total oxygen discharged at an electrode tlius appears 
as H,O, in solution. Thus, if the volume of oxygen in the electrode gas is added to 
the volume of available oxygen in hydrogen peroxide, the total volume of oxygen 
obtained is seen to be equal to half the volume of hydrogen liberated within an experi- 
mental error of + 5%. 

Experiments carried out to ascertain the effect of current density on the volume 
of gas evolved at each electrode showed that the current efficiency increased rapidly 
with the C. D. 

Effect of Time on the Total Volume of Gas coliected at an Electrode.-—It was 
observed that the rate of gas evolution fell off with time, especially so, at lower C. D. 
and at higher frequencies. 

Effect of Time on the Composition of Electrode Gas.—For this purpose, the gas 
collecting funnels were connected to a specially constructed gas burette correct to 
0.05 c.c. provided with a three-way stop-cock. The buretie was connected by a capi- 
lary glass tube to a Hempel’s absorption pipette. ‘I'he arrangement enabled a conti- 
nuous gas analysis to be performed at different intervals during the electrolysis. These 
results are brought out in JTable IV. 


‘TABLE IV 


Conc. of electrolyte = N/s. 


Time. Time interval Total gas at Fy. Oy. 
one electrode. 


Frequency: to/sec. C. D.= 125 ma/cm?, 


0-10 min 10 1nin- 1.4 ¢.c 0.9 C.C. 0.5 C.c. 
10-2 10 1.4 1.0 0.4 
20°35 15 1.9 1.4 0.5 
35°50 15 1.6 1.1 0.5 
50-65 15 1.1 0.9 0.2 
65 80 15 0.9 C.9 0.2 
Or§ 


I'requency : 40/sec. C.D.= 375 ma/cm?, 


O-5 5 1.8 1.4 0.4 
5710 5 2.2 1.5 7 
10-20 19 4° 2.9 1.4 
20-30 10 34 2.2 1.2 
30-40 10 2.8 1.6 1.0 
40-50 10 24 1.6 08 


2~ 1851-~ P—4. 
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Table V records the results of the effect of concentration of electrolyte on the 


on 
volume of gas collected at each electrode. ele 
; bil 
Pas.e V in 
Frequency = 40/sec. Current = 1 amp. Ampere hours = 1. Electrode area = 3.¢m’, an 
an 
Electrode I. Electrcde IT. 
Conc. Total gas. Hp. Oo Total gas Hy Oo. 
0.2N 15.0 C.¢ 12.8 ¢.c. 2.2 C.¢. 7.8 c.c. 5.0 c.c. 2.8 c.c. 
0.33 12.3 9.2 3.1 7.2 48 2.4 
0.537 8.2 6.4 1.8 3.8 2.6 1.2 
1.22 27 2.4 0.3 I.1I 
Table VI shows the effect of temperature on the composition of the electrode gas. p 
tl 
TABLE V1 
) 
Conc. of electrolyte=N/20. Electrode area=4 cm*. Current=o.4 amp. ri 
Duration of electrolysis=1 hour. Frequency =10/sec. c 
n 
Electrode I. Fiectrode IT. t 
Temp. Total gas. Hp. On. Total gas. Ilo. Og ( 
30° 19.4 ¢.c 54.2 €.2. SAOQm « 15.2 ¢.¢c 10.8 c.c 4.4 ¢.c ( 
50° 22.0 16.5 55 16.6 11.0 5.6 p 
70° 24.2 17.6 6.6 22.0 161 5.9 


DrtrscUSSTION 


From the results it appears that during electrolysis of sulphuric acid solutions 
between platinum electrodes with an alternating current, the electrode gas always con- 
tains hydrogen and oxygen in a vo!ume ratio greater than the theoretical 2:1 proportion, 
oxygen being always in deficit. Hydrogen peroxide is formed during electrolysis. 
The deficit oxygen can be accounted for within limits of experimental error as the avail- 
able oxygen in hydrogen peroxide. It is observed that the two electrodes, though sub- 
jected to identical conditions, do not behave in the same manner. The current efficiency 
is seen to fail with increase in frequency, duration of electrolysis and concentration of 
electrolyte but increases with increase in current density and temperature. 


In attempting to offer'an explanation for the results obtained in this investigation, 
it must be considered that in A. C. electrolysis, the same electrode is subjected to 
successive anodic and cathodic polarisation. Thus, during a cathodic half cycle with 
sulphuric acid as the electrolyte, the processes taking place at the electrode can be re- 
presented as 


(1; H,O* +6+ Me —> H,0+ MeH. 
(2) 2 MeH ==> 2Me+H, 








he 
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It has been shown by Bowden (Proc. Roy Soc., 1929, 125A, 446) that (2) proceeds 
only after the formation of a monatomic layer of hydrogen atoms on the surface of the 
electrode. That at any rate should be the most favourable condition for the recom- 
bination of H atoms on the surface if there is any considerable energy oi activation 
involved in the processes of recombination. Now, when the polarity is reversed, the 
anodic process wiil comprise the removal of adsorbed H atoms from the surface (Pearson 
and Butler Joc. cit.) followed by the deposition of oxygen: 


(3) H—> H* + 6 

(4) SO,- —> SO,+ 26 

(5) SO,g+ H-O+ Me — H,5'), + O.Me 
(6) 2O.Me —> O,+2 Me 


The fact that tlic currcat efficiency is low in A.C. electrolysis shows that a large 
proportion of the products discharged is removed by processes of recombination during 
the next half cycle. The extent to which recombination reaction takes place will depend 
on the rates of different electrode reactions and on the rate of alternation. Moreover, the 
rate of discharge of ions and the rate of recombination of radicals produced after dis- 
charge of the ions are not equal so that chemical effects produced during one half cycle are 
not exactly reversed during the next half cycle giving zero efficiency. Considering that 
the rate determining step is the slow combination of the atoms, when an ion is dis- 
charged at an electrode, and that the discharge of an ion is instantaneous in the case 
of platinum (Hickling, Quart. Rev., 1949, 3, 95), it is possible to visualise the discharge 


of a H atom in close proximity with an adsorbed oxygen atom. Thus : 


(7) O.Me+H* +6—> OH.Me. 
The removal of hydroxyl may take place as: 
(8) 2OH.Me —> H.0+0.Me 


which is a fast reaction (BonhOffer and Pearson, Z. physikal. Chem., 1931, 14B, 1). 


From the results in Table II it is observed that the value of frequency at a certain 
C.D., when current efficiency falls to zero value, is proportional to the area of the elec- 
trode and isreproducible. At such a stage, the rate of alternation being greater than the 
rate of combination, formation of hydrogen molecules does not take place at all. It can 
te assumed that at this value of frequency, the half-cycle time interval is just sufficient 
for (1) the removai of the previously formed adsorbed layer and (2) the discharge of ion 
and formation of anew layer. On the assumption of Bowden (loc. cit.) that oue atom of 
hydrogen is deposited for every atom of Pt at the limiting value, in changing the 


electrode from one evolving hydrogen to one evolving oxygen, 8.1 x 107‘ coulombs/cim.* 


of electrode area are required. Thus ,onsidering the true area of the electrode to be 
twice the apparent area, the quantity of electricity required for an apparent electrode 
area of 4 cm.” and of 2 cm.” would be 6.48 x 107° and 3.24 * 10 


-3 


coulombs iespectively. 


—3 


The corresponding experimental values of 6.5 *10~* and 3.54 107° coulombs show 


the validity of our argument, 
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The fact that the electrode gas contains an excess of hydrogen over the theoretical 
2:1 ratio as also the simultaneous formation of hydrogen peroxide has to be explained. 
The mechanism proposed by Glasstone and Hickling (Chem. Rev., 1939, 25, 407), 
namely the combination of OH radicals to form H,O, on the electrode surface, has 
been shown by Walker and Weiss (Trans. Faraday Soc., 1935, 31, 1011) to be untenable; 
on the other hand, ia the presence of a surface, the reaction (8) will be favoured. 
The formation of hydrogen peroxide in A. C. electrolysis may, however, take place 
according to the following mechanism suggested by Weiss (Faraday Soc., Disc. 1, 1947, 
p. 224.) 

(9) H +O, — HO, 


In A.C. electrolysis, at each reversal of polarity, the presence of oxygen molecules 
and hydrogen atoms is conducive to the formation of HO, radicals. It is obvious that 
the amount of H,O, formed in (10) will be small and will decrease with increase in 
frequency which results in the release of fewer hydrogen atoms. 

The somewhat unsymmetrical behaviour of the two electrodes is explained by the 
fact that though the two electrodes are cut from the same piece of metal, the two surfaces 
under the stress of electrolysis do not probably possess identical catalytic power for 
the reactions involved in the recombination of the discharged products. It is also 
observed that the rate of gas evolution falls off with time. With progress of electrolysis 
the electrode su:face becomes pitted and rough and as such, the area of the electrode 
goes on varying, thus decreasing the effective current density. 

From the above discussion, it should be expected that the current efficiency should 
increase with current density because during each half cycle, a greater number of hydro- 
gen atoms is discharged on the electrode leading to a greater crowding op the electrode 
surface. Consequently, combination of hydrogen atoms to form molecules takes place 
to agreater extent. This explanation is supported by the fact that at a certain fre- 
quency, the curve obtained by plotting current efficiency against current density is»: 
linear excepting at lower values of current density when the process of recombination is 
more prominent. At very low current densities, the current efficiency approaches zero 
value. 

The author wishes to express his indebtedness to Dr. A. N. Kappanna for in- 
valuable help and guidance during this investigation. 
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s STUDIES IN CATALYTIC DEHYDROGENATION, PART 1V 

y By SuRESH CHANDRA SEN GuPTA AND DHIRENDRA NATH CHATTERJEE 

e The synthesis and catalytic dehydrogenation of 1 :2 :3 :4-tetrahydronaphthalene-2 :2-spiro-(2'-ethy]- 


cyclopentane) have been described. This spiran on dehydrogenation with Pt—C catalyst yields pyrene 
as the sole product. A probable interpretation of this unusual ring transfor mation has been offered. 
It has also been noted that 4-ethyl-1 :2-dihydrophenanthrene on dehydrogenation, with Pt—C catalyst 


yields pyrene only. 


The authors (this Journal, 1952, 29, 4393 1953, 30, 27) have studied the catalytic 
dehydrogenation of a large number of spirans with a methyl substituent in the spiro- 
cyclopentane ring. In ali cases it appeared that the fission of the cyclopentane ring took 
place between the carbon atoms furthest from the methyl group and the side chain, so 
produced, cyclised in an angular manner; final dehydrogenation then took place with 
the formation of an aromatic hydrocarbon. The methyl group, originally present in 
the spiro-c yclopentane ring, remained, in every case, attached to the newly formed 
6-carbon ring. In order to ascertain whether similar ring’ transformation takes 
place in spirans with an ethyl substituent in the aptup-epetepeutane ring, we have 
now synthesised 1:2 :3:4-tetrahydronaphthalene-2:2-spiro-‘2'-ethylcyclopentane) (1). 
it was expected that this spiran would yield on catalytic dehydrogenation 
1-cthylphenanthrene. But curiously enough, it has been found that the spiran (I), 
when heated with Pt-C catalyst at 300°-330°, undergoes smooth dehydrogenation 
attended with ring transformation yielding pyrene as the sole product. ‘The formation 
of pyrene under the conditions of the experiment 1s an extremely interesting observation. 
The course of this peculiar ring transformation might have taken any of the following 
alternative routes. 


CH; 5 Rt 
wae On AT ries: 
AYN ae 0 Et Sa 
| | W\/ | | ‘ 
-: (1) bh 
AN 4™ 


OY 


Pyrene. 
(t). It may be assumed that the spiro-cyclopentane ring undergoes fission + 
hear the heavy ethy] group (along the dotted line) and then forms by angular 
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cyclisation a reduced 4 ethylphenanthrene as an intermediate. This then undergoes 
cyclodehydrogenation under the conditions of the experiment, and the ethyl group at 
C, of the phenanthrene ring is linked up with C,;, thus closing a new 6-membered ring, 
leading to the formation of pyrene. 

(2) It is also possible that after ring fission, the resulting intermediate with 6-carbon 


side-chain attached to C, of the naphthalene ring undergoes simultaneous double 


ring-closure by cyclodehydrogenation, yielding ultimately pyrene. 

Experiments carried out to test the validity of these assumptions have supported 
the former view of the possible intermediate formation of a 4-ethylphenanthrene deriva- 
tive. An attempt was made to synthesise 4-ethy!phenanthrene in order to ascertain if it 
formed pyreue by cyclodehydrozenation when heated with Pt—C catalyst under identical 
conditions. 4-Keto-1:2:3:4-tetrahydrophenauthrene (11) (Haworth, J. Chem. Soc., 
1932, 1125) has been condensed with ethylmagnesium iodide when 4-ethyl-1:2-dihydro- 
phenanthrene ‘III) is obtained. ‘This on being heated with Pt-C catalyst at 300°-320° 
affords an almost quantitative yield of pyrene; no trace of phenanthrene derivative 
could be isolated. It is therefore evident that 4-ethylphenanthrene is unstable under 
the conditions of the dehydrogenation experiment. 


CH, 
(j= AN Me7 NAN 


| | | 

ON/SS NA 
i i | | | | 
WF WF 
(iT) (Il) 

It may be assumed therefore that during catalytic dehydrogenation, the spiran (I) 
first forms an intermediate, partially reduced 4-ethylphenanthrene, which then undergoes 
cyclodehydrogenation to pyrene. 

The spiran (Tj, required for dehydrogenation study, was synthesised by an extension 
of the method deveioped earlier (loc. cit., 1952). ‘The anhydride of 2-ethylcyclopentane- 
1-carboxy-I-acetic acid condenses with benzene in presence of anhydrous aluminium 
chloride affording a single keto-acid which must be either #- (2’-ethylcyclopen- 
tane)-8-benzoylpropionic acid (IV) or %2- (2’-ethylcyclopentane)-8-benzoyipropionic 
acid (V’. This keto-acid on reduction by the Clemmensen method yields a y-phenyl- 
butyric acid, the ethyl ester of which does not condense with ethyl oxalate in presence 
of potassium ethoxide. The constitution of the phenylbutyric acid should therefore 
be represented by (VI), and consequently the keto-acid by {V). The presence of 
-CO-CH,- group in the keto-acid (V) has also been proved by the formation of 
pyrylium derivative by the reaction of the keto-acid with salicyladehyde in presence of 
hydrogen chloride. 

24-{2°-Ethyvleyclopentane)-y-phenylbutyric acid (VI) on cyclisation with 85% 
sulphuric acid at 100° yields 1-keto 1:2 :3.4-tetrahydronaphthalene-2 : 2-sprio- (2/-ethyl- 
¢yclopentane) (VI1), which on reduction by the Clemmensen method affords the desired 


spiian (I). 
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ExPERIMENTAL 


2-Ethylcyclopentane-1-carboxy-1-acetic acid was prepared from 2-ethylcyclopen- 
tanone and ethyl cyanoacetate according to the method of Lapworth and McRae (J. 
Chem. Soc., 1922, 121, 2754; Harding and Haworth, ibid., 1910, 97, 486) which was 
improved by Cope (J. Amer. Chem. Soc., 1941, 68, 3452). 2-Ethylcyclopentanone was 
best prepared by ethylating in benzene solution the potassio derivative of 2-carboethoxy- 
cyclopentanone with ethyl iodide on the steam-bath for 12 hours, and hydrolysing the 
resulting 2-ethyl-2-carboethoxycyclopentanone with hydrochloric acid for 12 hours. It 
is a colorless oil, b-p. 155-56°. Semicarbazone, m.p. 183-84°. 


Ethyl 2-Ethylcyclopentylidene-cyanoacetate.—A mixture of 2-ethylcyclopentanone 
(35 g.), ethyl cyanoacetate (36 g.), ammonium acetate (12 g.), glacial acetic acid 
(40 ¢.c.) and benzene (160 c.c.) was heated in an oil-bath at 130°-140° for 6 hours and 
then at 140°-150° for 6 hours in a Cope’s apparatus when separation of water was 
complete. The unsaturated nitrile was extracted witha little fresh benzene, washed 
with water, dried and distilled. The product collected at 138°-40/6 mm. as a colorless 
liquid, yield 60g. (Found: C, 69.3; H, 8.4. Ci2H,7,O,N requires C, 69.5; H, 8.2 per 
cent). It absorbed bromine slowly and readily gave 2-ethylcyciopentanone on oxida- 
tion with dilute potassium permanganate solution. 

2-Ethylcyclopentane-1-carboxy-1-acetic Acid.—A solution of KCN {35 g.) in water 
(77 c.c.) was added to ethyl 2-ethylcyclopentylidene-cyanoacetate (53 g.), dissolved in 
rectified spirit (260 c.c.). It was kept for a week and then alcohol was distilled off on 
a water-bath. The dark residue was boiled with HCl (conc., 500 ¢.c.) for 36 hours. 
The solid acid that separated on cooling was collected, dissolved in hot sodium carbonate 
solution (charcoal) and precipitated with HCl (conc.). It crystallised from hot water 
in thin plates, m.p. 140°, yield 30 g. (Found: C, 60.1; H, 8.04. CioH,.O, requires C, 
60,0; H, 8.0 per cent). 
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The anhydride was obtained by heating the acid with acetic anhydride fcr 6 hours, 
It had b.p. 132-33°/8 mm. (Found: C, 65.8; H, 7.8. C,.H,,O,; requires C, 65.9; 
H, 7.7 per cent). 

The anilic acid, prepared with the anhydride, crystallised from aqueous alcohol in 
colorless plates, m.p. 136°. (Found: C, 69.7; H, 7.7. C,.H2,0,N requires C, 60.8; 
H, 7.6 per cent). ~ 

The anil, prepared by heating the anilic acid at 140° for an hour, crystallised from 
methyl alcohol in needles, m.p. 100°. ‘Found: C, 74.5; H, 7.3. CisHioO2N requires 
C, 74-7; H, 7.4 per cent). 

1x-(2'-Ethylcyclopentane)-B-benzoylpropoinic Acid (V).—Anhydrous AICI, (28 g.) 
was gradually added toa solution of the anhydride of 2-ethylcyclopentane-1-carboxy-r- 
acetic acid (20 g.) in dry benzene (60 ¢.c.), cooled in ice. The mixture was allowed 
to stand at the room temperature for 12 hours and then warmed at 50°-60° for 3 hours. 
The dark brown reaction mixture was decomposed with ice and HCI and excess of 
benzene was steain-distilled. The product was dissolved in sodium carbonate solution, 
filtered and acidified with HCl. ‘The separated keto-acid readily solidified on tritura- 
tion with petroleum ether. It crystallised from benzene-hexane mixture in stout prisms, 
m.p. 114°, yield 15g. (Found: C, 73.8; H, 7.8. C,,~Hoo, requires C, 73.84 ; H, 7.7 
per cent). 

Pyrylium derivative of the keto-acid (V) separated when a mixture of the keto- 
acid (0.1 g.), salicylaldehyde (0.1 g.) in absolute ethyl alcohol (10 c.c.) was saturated 
with dry hydrogen, chloride at o° and kept in a refrigerator for three days. It was 
a crimson-red powder, readily soluble in dilute alkali and not melting below 200°. 

a2.(2°-Ethylcyclopentane)-y-phenylbutyric Acid (VI).—The foregoing keto-acid 
(V, 12 g.) was gently boiled with amalgamated zinc (48 g.! and HCI (conc., 48 c.c.) 
for 24 hours with frequent addition of more HCl. The reduced acid was extracted with 
ether, the ether removed and the residue was purified by extraction with Na.CO, solu- 
tion. ‘The sticky acid distilled at 183-85°/4 mm., asa viscous oil which soon solidi- 
fied. It crystallised from petroleum ether (b.p. 40°-60°) in needles, m.p. 95-06°, yield 
8 g. (Found: C, 77.7; H, 9.1. CisH2.02 requires C, 78.04; H, 8.94 per cent). 

The ethyl ester was prepared by the action of ethanolic HCI. It is a colorless oii, 
b.p. 195-97°/14 mm. (Found: C, 78.6; H, 9.5. CisH«O, requires C, 78.8; H, 9.5 
per cent). 

Attempted Condensation of Ethyl +%-(2’-Ethylcyclopentane}-y-phenylbutyrate with 
Ethyl Oxalate.—To a suspension of potassium ethoxide (prepared from ‘‘molecular”’ 
potassium, 0.8 g. and absolute alcohol, 1 g.) in ether (25 c.c.) ethyl oxalate (3 g.) was 
added. The light yellow solution was cooled in ice and ethyl 2@-(2’-ethylcyclopentane)- 
y-phenylbutyrate (5.5. g-) was slowly added. The colour of the solution did not darken 
and no salt of the condensation product separated even after keeping it for 16 hours. 
The ethyl ester was recovered unchanged from the reaction mixture. 

1-K eto-1:2:3:4-tetrahydronaphthalene-2:2-spiro-(2’-ethylcyclopentane) (VII).—The 
foregoing butyric acid (VI, 8 g.), concentrated sulphuric acid (24 c.c.) and water (8 c.c.) 
were heated on a steam-bath for 1} hours with stirring. ‘The mixture was poured into 
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ice, extracted with ether, the ether extract washed with dilute ammonia solution, and 
then with. water, dried with sodium sulphate and distilled. It is a colorless oil with 
characteristic odour, b.p. 160-62°/5 mm., yield 5 g. (Found:C, 84.03 H, 8.8. CiseH2.0 
requires C, 84.2; H, 8.77 per cent). 

1:2:3:4-T etrahydronaphthalene-2:2-spiro-(2’-ethylcyclopentane) (I).—The preceding 
spiro-ketone (VII, 5g.) was boiled gently with HCl (20 c.c.) and amalgamated zinc 
(20 g.) for 24 hours. The product was extracted with ether, the ether extract was 
washed, dried and distilled. It is a colorless oil, b. p. 140-42°/5 mm., yield 3g. 
(Found: C, 89.6; H, 10.35. CisHa2 requires C, 89.72; H, 10.28 per cent). 

Catalytic Dehydrogenation of the Spiro-hydrocarbon (I): Isolation of Pyrene.— 
The spiro-hydrocarbon (3 g.) was heated in a metal bath with 10% Pt—C catalyst 
(0.3 g.) at 300°-310° for 6 hours and then at 310°-330° for 12 hours more when no 
further hydrogen was evolved. ‘The dehydrogenation product was thoroughly extracted 
with hot benzene, benzene distilled off and the residue was distilled over sodium under 
reduced pressure. ‘The liquid distillate (1 g.) was warmed with an equal amount of 
picric acid in alcoholic solution. The separated picrate crystallised from alcohol in deep 
red needles melting at 220°. ‘The mixed m.p. with a sample of pyrene picrate remained 
unaltered. (Found: C, 61.5; H, 3.1. Calc. for C..H,,;0;N,: C, 61.3; H, 3.0 per cent). 
The hydrocarbon was regenerated from the picrate by distribution between ammonia 
and ether. It crystallised from rectified spirit in beautiful shining flakes, m.p. 
148-49°. The mixed m.p. with an authentic sample of pyrene remained unaltered. 
(Found: C, 94-8; H, 5.1. Calc. for C,;,H,,: C, 95.03 H, 5.0 percent). The sym-trinitro- 
benzene complex, prepared from the hydrocarbon crystallised from alcohol in bright 
orange necdles, m.p. 240°, mixed m.p. with an authentic sample of pyrene trinitro- 
benzene complex remained unaltered. (Found : C, 63.6; H, 3.0. Calc. for C,.H,;0,N;: 
C, 63.63; H, 3.1 per cent}. 

4-Ethyl-1 :2-dihydrophenanthrene (III).—A Grignard reagent, prepared from 
magnesium (0.5 g.), ethyl iodide (4 g.} and ether ‘20 c.c.), was added slowly from a 
dropping funnel to a solution of 4-keto-1:2:3:4-tetrahydrophenanthrene (II, 4 g.) 
in ether (30 c.c.), cooled in ice. It waskept in an ice-bath for 6 hours and then left 
overnight. ‘The reaction mixture was gently boiled for t hour and decomposed with 
ice and dilute sulphuric acid. The product was thoroughly extracted with ether, 
washed, dried and ether distilled off. The residue was dehydrated with formic acid 
{98%) by heating on the water-bath for 1 hour and distilled. The semi-solid distillate 
(b.p. 170°+190°/6 mm.) {3 g.) was warmed with semicarbazide acetate in alcoholic solu- 
tion and the filtrate from the semicarbazone of the unreacted ketone on evaporation, 
dilution and extration with ether gave 1.5 g. of 4-ethyl-1:2-dihydrophenanthrene as 
a colorless liquid, boiling at 183-85°/6 mm. It formed a picrate which crystallised from 
methyl alcohol in scarlet needles, m.p. 8:-82°. (Found: C, 60.2; H, 4.4. C..H,,.O;N; 
requires C, 60.4; H, 4.3 per cent). 

Dehydrogenation of 4-Ethyl-1:2-dihydrophenanthrene with Pt-C Catalyst: 
Formation of Pyrene.—4-Ethyl-1 : 2-dihydrophenanthrene (1 g.) was heated with 10% 
Pt—C catalyst (0.1 g.) in a metal bath at 300°-310° for 1 hour and then at 310°-320° for 


3—1851P—4. 
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t hour when no further hydrogen was evolved. ‘The solid dehydrogenation product 
was extracted with benzene, benzene distilled off and the residue was distilled over 
sodium under reduced pressure. The solid distillate (0.8 g.) crystallised from alcohol 
in flakes, m.p. 142-44°. The picrate melted at 221° and the hydrocarbon regenerated 
from the picrate melted at 148-49°. The mixed m.p. of the hydrocarbon with an 
authentic sample of pyrene and that of its picrate with pyrene picrate remained unal- 
tered. 

All expenses incurred in this investigation were met from a research grant sanc- 
tioned to one of us (D. N. C.}) by the Government of West Bengal. 
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EFFECT OF ELECTROLYTES ON THE STABILITY AND 
ZETA POTENTIAL OF EMULSIONS 


By R. K. Ngocy 


Zeta potentials of emulsions, stabilised with three different emulsifiers, have been measured in 
presence of varying amounts of different electrolytes. No ‘critical potential’ has been observe?. The 
results indicate that the most important single factor for the stability of emulsions is the strength 
and compactness of the film surrounding the dispersed globules. 


[It is well known that the dispersed globules in an emulsion carry electrical charges. 
The role of electrical charge and electrokinetic potential in determining the stability 
of colloids and emulsions has been investigated by various workers ‘Hardy, Proc. Roy. 
Soc., 1900, 66A, 110; Powis, Z. physikai. Chem., 1915, 89, 110; Ellis, ibid., 1912, 80, 597; 
Weiser, ““A Text Book of Culloid Chemistry’’; Verwey, Chem. Weekbiad, 1939, 36, 
800; Limburg, Rec. trav. chim., 1926, 45, 884; Ghosh, J. Chem. Soc., 1929, 2963; 
Mukherji and Ganguly, this Journal, 1930, 7, 465; Ghosh and Roychaudhury, ibid., 
1951, 28, 1; Kruyt and Willigen, Z. physikal. Chem., 1927, 180, 159). However, no 
definite conclusion could be achieved. Hence, it was thought worthwhile to make a 
systematic investigation on the relation between zeta potential and stability. 


ExPERIMENTAL 


The first series of electrophoretic experiments were done in the xylene-water 
systems, stabilised with three different emulsifiers: sodium oleate, saponin and cetyldi- 
methylbenzylammonium chloride. Saponin and the cetyl salt were purchased directly. 
The preparation of emulsions and sodium oleate were made as described in an earlier 
publication (Ghosh and Neogy, this Journal, 1952, 29, 573). 


Zeta potential was measured in a flat horizontal microcataphoretic cell (Abram- 
son, J. Gen. Physiol., 1929, 17, 711). The factors complicating the measurement, 
viz., relaxation effect (Phil. Mag., 1938, 26, 659) and surface conductance effect (Trans. 
Faraday Soc., 1940, 38, 154) can be almost eliminated if one works with systems having 
particles of fairly large size and at a fairly high concentration of electrolytes (Overbeek 
and Wijga, Rec. trav. chim., 1946, 65, 556). Since these conditions hold in most of the 
cases investigated, we have used Smoluchowski’s equation for the calculation of 
+ _ 4nnA.v.« 
where 7 = the coefficient of viscosity, v=the velocity of the particles in unit time, 
A=the cross section of the microcataphoretic cell, «=the sp. conductivity of the 
medium, D=the dielectric constant and i=the current flowing through the cell in 
amperes. This multiplied by (300)* gives ¢ in practical units. Two cataphoretic 
cells of the following dimensions have been used : 
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Width. Depth. 
Cell I 1.628 cm. 0.0369 cn). 
Cell II 1.690 0.0414 


The total magnification of the microscope (Zeiss) was 120 and the scale in the eye 
piece was calibrated by comparison with a Zeiss standard micrometer scale. ‘The 220 
volt electrical mains were the source of E.M.F. The D.P.D.T. switch was so put in 
the circuit that when it was reversed, the current passing through the cell changed 
direction, but through the unipivot galvanometer it always passed in the same direction. 
The current entered the cell through platinum electrodes, plated heavily with copper, 


placed in contact with copper sulphate solution. Agar agar (containing a little NaCl, 


to make the system conducting) was used as a bridge between the colloid and the copper 


sulphate solution. 
The specific conductivity was measured in a Leeds Northrup bridge using a tele- 


phone as a null point detector. 
Abramson et al. (““Electrophoresis of Protens’’, 1942) have shown that the velocity at 


0.211 and 0.789 depth of the cell is the true velocity due to electrokinetic potential and 
applied E.M.F., and hence, the measurements have always been done at 0.21 depth. 
This was achieved by focussing at the top and moving the microscope ‘to the desired 
depth by means of the calibrated fine adjustment screw in tlhe microscope. 


No othe: other factors excepting the actual separation of oil can be taken to be 
the true criterion of stability of emulsions. Here we may difine our ‘equibreaking 


point’ as the minimum concentrations of electrolytes for the first appearance of oil drop, 


as seen under the microscope, in 1 hour. One and half hour has been chosen as an 


arbitrary time because this time has been found sufficient for the emulsions to attain 


equilibrium. 

For one set of measurements a series of mixtures of the same emulsion containing 
varying amounts of electrolytes was prepared (total volume 4oc.c.) and allowed to 
attain equilibrium. After the requisite time, the cell was cleansed properly, washed 
with emulsion, filled with the same, carefully avoiding air bubbles, and placed on the 
stage of the microscope and the three way stop-cocks turned to connect the cell with 


The microscope was first focussed on the upper surface of the cell 


the agar bridge. 
Electrical 


and then lowered too.21 depth with the help of the micrometer screw. 
connections were made and the time required for a particle to traverse 50 divisions of 
the eye piece scale (0.04166cm.) was noted bya stop watch. The current was then 
reversed and again the time required by a particle to come back through these divisions 
In this way 10 to 12 readings were taken, the current being reversed after 


was noted. 
From these readings the mean 


each reading and taking care that it remained constant. 


time was found. ‘The emulsions were so diluted that they all had the viscosity of water 
and also their dielectric constant was taken to be the same as that of water. Specific 


conductivity of each emulsion was measured in the usual way. 
The results of eletrophoretic measurements of xylene-water emulsions, stabilised 


with different emulsifiers, are recorded in Tables I-V. 
In view of the criticisms of the electrical double layer by some authors, especially 


McBain, in the following tables ¢ potential as well as the mobility data are also recorded. 
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Conc. 


0.002 N 
0.03 
0.10 
0.15 
0.20 


0.001 
0.003 
0.01 
0.08 
0.15 
0 20 


5x1076 
. 5 


Conc. 


0 

0.004 N 
0.01 
0.02 
0.10 


0.025 % Sodium oleate ; 0.5 % xylene emulsion. 


Sp. conduct. 


7-91X10~° mho 
40.58 
371.9 
1053 
1706 
2107 


20.83 
44 49 
102.9 
731-0 
1462 
1895 


* Indicate equibreaking points. 


Sp. conduct. 


19.25 X10°° mho 
74-25 
161.4 
297-5 
1127 


0.25 (cannot be measured). 


4x1075 
8x1075 
1X10°! 
1.61074 


a) 


“ 
wo’ 
ny 


Time 
KCl. 
I.5 sec. 


0.95 
2.9 
5.1 
7-75 

12.5 


NaCl 


I 
I 
1.95 


OAK & 


4- 
11.25 
20.0 


BaClp. 
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1. 
I. 
1. 
I. 
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TABLE II 


Time 


KCI 


* Indicate equibreaking points. 


TABLE I 
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Mobility. 


80.00 X 1075 


103.50 
69.23 
51 45 
47-52 
32-75 


87.00 
103.00 
74-09 
47-73 
30.83 
18.53 


82.50 
76.76 
75.86 
72.81 


0.05 % Sodium oleate; 1.5 % xylene emulsion. 


Mobility. 


85-45 X 107° 


110.9 
99-74 
75-98 
59-51 


93-85 
50.32 
79-59 
79-3° 
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¢ (m.v.). 


—90.57 
—117.1 
— 78.32 
— 58.21 
— 53-76 
— 37.06 


— 98.49 
—116.6 
—84.55 
= 54.00 
— 34.88 
— 20.06 


—93-42 
— 86.90 
— 85.88 


— 82.43 


¢ (m.v.). 


— 909.77 
“125 5 
—112.9 
—86 02 


—A” 22 


4°00 


— 106.3 
— 90.93 
—9g0.01 
— 89.78 






* 


* 


A 


* 
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TABLE III 


0.001 % Saponin ; 0.2 % xylene emulsion. 


Conc. Sp. conduct. Time. Mobility. 
KCl. 
re) 0.691 X 10° mho 2.7 sec. 35 57X10°5 
0.001 N 13.74 2.7 47-13 
©.006 69.90 3.9 32.98 
0.05 551-1 9-5 16.72 
0.33 2388 25.0 13.26 
BaCl, 
0.004 92.55 7.2 18.74 
0.02 596.9 13-25 12.50 
0.03 
0.04 no movement 
0.05 
0.10 I7gl 10.5 33-14 
Al(NQO3)3 
5x1075 197 5.6 19.58 
5x1074 6 44 13.5 7.02 
31073 (charge reversal point) 
1X1072 105.6 20.0 6.16 
Th(NOs),. 
5x1075 1.53 5-0 23.80 
6x1075 1.65 5-5 15.08 
8x1075 (no movement) 
9x107° 2.69 6.6 It 2g 
3xX104 7.38 ’ 2.§ 57-41 
* Indicate equibreaking points 
TABLE 1V 
0.005 % Saponin ; 0.5 % xylene emulsion. 
Conc. Sp. conduct, Time. Mobility. 
BaCl,. 
0.005 N 121.0X 107 mho g.o0 sec 17.04 X 10~” 
0.01 225-3 15.0 11.83 
0.03 (no movement) 
0.05 918.3 16.5 5-31 
0.08 1377 14.0 2.06 
HCl. 
0.001 51.6 4.6 42.00 
0.004 245.3 7.2 26.16 
0.007 421.4 12.0 16.51 
aa } practically no movement 
0.033 984.0 15.5 16.82 
AI(NO)3. 
3x1075 1.85 2.8 39.49 
1xX1074 3.81 4-35 23.30 
2x103 20.55 14.50 6.57 
— ; 
6x1073 no movement 
7x1073 88.65 36.00 3.78 
3x107? 311.5 12.00 18 o1 
Th(NOs),4 
1x1074 2-77 5-6 17.62 
1.6x1074 OL 8.7 9-47 
2.31074 (charge reversal point) 
3 x1074 7-04 7.0 19.54 
5xX1074 12.18 : 3-3 : : 41.39 
* Indicate equibreaking points. 





¢ (m.v ). 


— 40.27 
— 53-35 
— 37-35 
—15 92 
— 15.00 


~~ 43.84 
— 15.92 


— 30.30 
19.15 


+14.37 
+73.08 


¢ (m.v. 


— 21.69 
— 15.06 


+ 19.49 
+ 28.08 


— 53.46 
— 33-30 
— 21.902 


+21.41 


— 44.71 
— 26.38 
— 7-43 
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TABLE V 


0.025 % Cetyldimethylbenzylam monium chloride; 0.25 % xylene emulsion. 


Conc. Sp. conduct. Time. Mobility. ¢ (m.v.) 
Potassium chloride. 

Ce) 3-89 x 10°* mho 1.2 sec. 78.79 X 1075 +89.21 

0.005 N 74.63 1.35 100.7 +114.0 

0.01 1023.0 4.5 60.26 +68.17 

0.20 1885.0 10.5 37-38 + 42.29 

f 0.30 2755-0 13-5 29.01 +32.82 


Potassium sulphate. 


0.10 1069.0 5.1 55-55 -+62.85 

0.125 1257.0 5-9 47-76 +54 03 

* 0.16 1706.0 6.1 46.37 +52.47 
Sodium citrate. 

1X1074 4.21 1.3 62.99 +71.32 

1xX10°3 11.30 9.5 8.25 + 9.34 

0.016 155-7 22.0 7-64 + 8.64 

* 0.02 178.2 20.8 8.07 + 9.13 

C.025 210.7 25.0 7.02 + 7-94 
Potassium ferrocyanide. 

2x1o075 5.23 1.6 95.26 +121.3 

6x1075 8.37 2.1 61.13 + 77.80 

71075 (charge reversal point) 

* 8x1075 9.92 10.5 8.72 —It.10 
1x1074 12.57 10.75 9.21 —33.72 
* Indicate equibreaking points. 

TABLE VI 
Zeta potentials at equibreaking concentrations. 

Electrolyte. Conc. Na oleate Xylene emulsion ¢ (m.v.). 
NaCl 0.15 N 0.025 % 0.5 % — 34.88 
KCl 0.20 na = — 37.06 
BaCl, 2x 1075 a fi —85.88 
Withont any electrolyte... - ” — 90.57 
NaCl 0.25 0.05 1.5 Measurement not possible 
KCl 0.30 » ” Do 
RaCl, 1xX1074 Ms ne —go O1 
HCl 1x 1074 ee ‘ —89 13 
Without any eleetrolyte ... a —96.77 

Saponin. 
KCl 0.33 0,001 0.2 — 15.00 
BaCl, 0.04 a Re Near about zero 
Al(NOs)3 6x 1073 im rt Do 
ThiNOy)4 6x 1075 ” ” — 14.87 
HCl 1X1072 0.005 0.5 Near about zero 
BaCly 0.C4 ~ es Do 
Al(NO3)3 4x1073 ~ » D> 
Th(NOs), 2x104 es wt Slightly above zero 
Cetyldimethylbenzylammonium chloride. 

KCl 0.3 0.025 0.25 + 36.93 
K,SO, 0.16 » os +52.47 
Sod. citrate 0.02 . ve + 9.13 


K,Fe(CN)¢ 8x107* . ‘“ —11.10 
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DISCUSSION 


The data recorded in Tables I-V show that ¢ first increases with the addition of 
electrolytes, reaches a maximum and then diminishes with [further rise in the concentra- 
tion of electrolytes. This rise can be attributed to the effect of surface conductivity 
as suggested by Bikermann, specially in cases where the specific conductivity of the 
system is very low. It may, however, be pointed out that ¢ continues to rise when 
univalent salts like NaCl or KCl have been used and the specific conductivity of the 
system is fairly high. In view of this, it is quite logical to argue that the effect may 
be due to some other causes such as adsorption of the similarly charged ions of the 
added electrolytes on the surface of the globules. The behaviour of the saponin-stabili- 
sed emulsions towards electrolytes is quite interesting. Though the charge reversal is not 
effected with NaCl or KCl, yet reversal occurs with HCI, BaCl,, Al(NO,), and Th(NO,),. 
It is also evident from Table IV, that charge reversal is effected more readily with 
Th(NO;), than with AI{NO,),;. Thus, in the case of 0.005 % saponin emlusions for 
a charge reversal of from —7.4 m.v. to +20.4 m.v., the concentration of Al** changes 
from 2x107* to 3x10-°N and of ‘Th** from 1.6x107*N to 3x10™*N only. King 
(Trans. Faraday Soc., 1941, 37, 174) in his investigations on a saponin-stabilised emul- 
sion reported charge reversal only with Al®°*. With Th** he has shown that the charge 
assumes a zero value. Evidently, if he had measured the charge with greater concentra- 
tion of thorium ions, the phenomenon of charge reversal could also have been noted. He 
has, however, done no measurement with HCl and BaCl, as antagonistic ions. 


Charge reversal in emulsions, stabilised with cationic soap, is only effected with 
ferrocyanide ion (Table V). With the increase in concentration of ferrocyanide ions 
¢ decreases very rapidly, thus for a change in the concentration of ferrocyanide ions 
from 2 10°°N to 8x 107°N the ¢ potential changes from +95.25 m.v. to —9.56 m.v. 
The electrical charge in presence of sodium citrate gradually diminishes with the 
increase in its concentration but no reversal has actually been observed; with potassium 
sulphate there is some lowering of the charge no doubt, but it is not very pronounced. 
The potential chanyes only slowly with increase in the sulphate-ion concentration, thus 
for a concentration change from 2 x 10~* N to 0.16N, the ¢ potential only changes from 
+ 64.83 to 52.47 m.v. 

In all the cases studied by us, the electrolytes follow the Sch:lze-Hardy rule; in 
this connection only one peculiarity observed needs be noted and that is the bivalent 
barium has the same effectas H* from HCl. Such effects of H have, however, been 
noted by otlier workers also, on various colloidal systems. 

The values of ¢ potential at the equibreaking points in presence of different electroly- 
tes have been collected in Table VI. For an emulsion with 0.025% Na-oleate the values 
of § in presence of NaCl and KCI are nearly the same (— 34.88 and — 37.06 respectively) 
whereas with barium ions the value found is —85.88. Again, for emulsions stabilised 
with 0.05% Na-oleate the ¢ potentials at the equibreaking points with NaCl and KCl 
cannot be measured due to high concentration of electrolytes, but with HCl and BaCl, 
the corresponding ¢ potentials are ~—89.13 and —g0.01 respectively. These results 
appear to support the idea of critical potential but more careful scrutiny, however, 
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reveals that the ( potential at the equibreaking point is nearly equal to that of the 
emulsion when no electrolyte has been added (-96.77), a fact which is rather difficult 
to fit in with Ellis’s view. If there is anything as critical potential, this should 
be sufficiently smaller than tlie potential of the system with zero concentration of the 
added electrolyte, otherwise the system would be initially unstable and would break 


spontaneously. 
Eilers and Korff (Trans. Faraday Soc., 1940, 35, 229) have noted the same plieno- 
mena and reported that the critical potential sometimes comes out greater, equal to or less 


2/ 


than that of the emulsion itself. Accordingly they propose to take (?/« rather than 
¢ itself as the factor governing stability. (?/« is almost an empirical constant but 
attempt has been made to attribute some theoretical significance to it by. correlating 
it to the thickness of the double layer which is also the term in the Debye- Hiickel 
equation, having the dimensions of length. They have arbitrarily given the value of 
kas 10°'°**/(CZ*). The values of (?/« decreases continuously from the beginning 
and when a certain fixed value (like that of critical potential) is reached, the emulsion 
breaks. They have applied their equation to the data obtained on stability measure- 
ments by Ellis, Powis, Limburg and others (loc. cit.) but their theory has several 
drawbacks. The conception of (?/« is seemingly arbitrary. The formula given to 
calculate « has no theoretical basis and it involves only the added electrolytes but does 
not take into consideration the electrolytes that might already be present in the system. 
The most serious difficulty is that variation of (’/« with the addition of ions is not very 
great. Eilers and Korff have postulated that as soon as (?/« decreases by 1-2% the 
emulsion will break. In this type of measurements the diminution of 1-2% cannot 
rigidly be taken as a criterion, specially if we remember that we have discarded Ellis’s 
view because of the close proximity in values between the breaking potential and the 
potential at the zero electrolyte concentration. The theory of critical potential has 
also been tested with other systems. In saponin-stabilised emulsions the results clearly 
show that for all the other electrolytes excepting KCI, the instability appears near about 
the charge reversal point. With Th{NQ,), for the emulsion stabilised with 0.001% 
saponin, the zeta at the equibreaking point has been found to be -14.87 m.v. The 
fall in ¢ potential with the increase in Th** concentration is, however, so sharp that 
it is quite feasible that a slight change in its concentration near about the equibreaking 
point will reduce the ¢ potential almost to zero. King and Wrzeszinski (J. Chem. 
Soc., 1940, 1513) have related stability with hydration which will be apparent from 
the statement “‘we are therefore led to ascribe stability to the properties of the film of em- 
ulsifying agent which surrounds each particle. In emulsions of the oil-in-water type, 
these films are generally strongly hydrophillic and, owing to hydration, are stable even 
at the isoelectric point’. 

For emulsion formation it is generally believed that an interfacial film or complex 
is formed which governs the type of emulsion and also its stability to a considerable 
extent. King and others (loc. cit.) have studied the effects of different salts on emul- 
sions stabilised with an emulsifier and also on emulsifying agents separately. They 
have observed that the action of salts on the solution or dispersion of a given emulsifying 
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agent corresponds exactly to its- effect on an emulsion stabilised by that agent. This 
suggests that the effect of a given salt on a particular emulsion may be due to the 
change it introduces in the emulsifying agent. 


Our results also point to the same direction. Emulsions stabilised with sodium 
oleate are very susceptible to polyvalent cations which may be due to the interaction 
between sodium oleate and the electrolytes, as has been suggested by Bhatnagar 
(J. Chem, Soc., 1920, 117, 552; 1921, 119, 61, 1760). Resulting soaps of higher valency 
possibly tend to stabilise w-oemulsion and during the change from o-w to w-o the 
emulsion breaks. Thus, we may say, that to have a stable emulsion the adsorbed film 
must not be ruptured. By preparing emulsions with chemically inactive substances 
King (loc. cit.) has shown that they are remarkably stable towards electrolytes. 
To quote King ‘“The chief interest of the result is the lack of relationship between 
electrical charge and stability’’. To the emulsions aluminium sulphate has been added 
in such proportions as to produce an isoelectric and oppositely charged emulsion- still 
all these remained stable for months. Thus, when no chemical reaction takes place bet- 
ween an electrolyte and the emulsifying agent leading to its rupture, the electrical charge 
on the dispersed droplets does not determine their stability. 


Our results corroborate the above view. While ordinarily the emulsions, stabilised 
with sodium oleate and saponin, do not differ in stability much (as is noted by the separa- 
tion of free oil phase), sodium oleate emulsions are very easily broken by salts, while 
saponin (chemically inactive emulsifier) emulsions can stand a high concentration of 
mono-and polyvalent cations. ‘The emulsions stabilised with cetyldimethylbenzyl- 
ammonium chloride behave in the same way as saponin-stabilised emulsions with 
respect to electrolytes. It may not be out of place to mention here that during recovery 
of xylene from saponin emulsions it was rather difficult to separate them in two layers. 
Even with concentrated sulphuric acid the layers separate very slowly and take many 
days. No such difficulty arises in case of sodium oleate-stabilised emulsions. That the 
surrcunding film must be ruptured, to make the emulsion unstable, is also evident from 
the fact that as the concentration of the emulsifier is increased, greater concentrations 
of electrolytes are necessary for breaking the resulting emulsion. 

Thus from the results obtained by us as also by previous workers, it may be con- 
cluded that the strength and compactuess of the interfacial film is the most important 
single factor in determining the stability. Most of the other properties are effective only 
in so far as they modify the nature of the film. 

The author expresses his sincerest thanks to Prof. B. N. Ghosh, D.Sc., F.N.L., 
for his helpful suggestions and encouragement during the progress of the work. 


PHYSICAL CHEMISTRY DEPARTMENT, 
UNIVERSITY COLLEGE OF SCIENCE AND TECHNOLOGY, Received October 10, 1953. 
CaLCUTTA-9. 








oO! 








| Jour. Indian Chem. Soc., Vol. 31, No. 4, 1954] 


FERRIC THIOCYANATE COMPLEXES 
By 5. K. K. JATKAR AND B. N. Martoo 


In the colorimetric study of the ferric thiocyanate reaction at low Fe3* concentration of the order 


of M/4000, the reaction 


Fe3++CNS- Fe(CNS)?* 


N 


was assumed to take place and was fo!lowed by measuring the absorption. The equilibrium constants 
calculated for this reaction agree vell and show that Fe(CNS)?* is the predominant complex at low 
concentration. The reaction has also been studied potentiometrically at comparatively high concentra- 
tion (of the order of M/7o-Fe**). Higher complexes Fe(CNS) », where n is 1-6, are shown to exist under 
these conditions. Babko’s results of ‘step-wise complex formation’ from Fe(CNS)?* to Fe(CNS)¢,3-, which 
he obtained by employing a spectrophotometric method, are confirmed by the potentiometric study. 


The reaction of ferric ion with thiocyanate ion is the basis of a standard method 
of the estimation of iron by colorimetry. As the colour develops steadily with increas- 
ing concentration of CNS~, it is necessary to use a large excess of thiocyanate. Snell 
and Snel! (“‘Colorimetric Methods of Analysis’, Vol. II, p. 307) recommend vse of 1 g. 
NH,CNS to 0.1-1.0 mg. of iron inthe sample. Peters and French (/nd. Eng. Chem. 
Anal. Ed., 1941, 18, 604) find that greater CNS™ concentration overcomes the effect 
of higher acidity of the solution and less acid is necessary to give the colour when CNS 
concentration is high. Radicals like pyrophosphate, primary phosphate, SO4, Cl, 
and NO g reduce the colour in the order named. For analytical application the best 
results are obtained in 1.5 to 2.0 N-H,SO, ‘cf. Ovenston and Parker, Anal. Chim. Acta, 
1949, 8, 277). However, precise control of temperature and CNS™ concentration is 
required and the colour produced should not be exposed to day-light as far as possible. 

Winsor (Ind. Eng. Chem. Anal. Ed., 1937, 9, 453) found 2-methoxyethanol as a 
superior medium to develop Fe**-thiocyanate colour for the estimation of iron. 

The FeCl;-KCNS reaction was explained by Bongiovanni (Z. physikal. Chem., 
1907, 37, 472) and Magnanini ibid., 18y1, 8, 13) by the reaction : 

FeCl, + 3KCNS === 3KCl + Fe(CNS)s. 
The reaction as supposed by them and also Rosenheim and Cohn (Z. anorg. Chem., 1901, 
27, 280) was contradicted by Liberalli (Rev. Soc. brasil. Chim., 1931, 2, 485), who 
supposed the colour to be due to the complex double salt ferric ferrithiocyanate, 
Fe[Fe(CNS)«]. 

Schlesinger and van Valkenburgh (J. Amer. Chem. Soc., 1931, 58, 1212) showed 
by molecular weight determination that the ferric thiocyanate in non-aqueous solutions 
was dimeric, and they found this dimeric substance to possess the same absorption 
spectrum as the aqueous solutions. The red colour of the substance in aqueous solutions 
was found to be identica! with that of aqueous solutions of salts containing the complex 
ion Fe(CNS),°*~. 
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Schlesinger later (ibid., 1941, 68, 1765) proposed the formula : 


. T 
Dredg Ye (T=CNS~) 
= a T 


for this dimer. Uri (J. Chem. Soc., 1047, 337) found evidence for the polynuclear 
complex Fe,(CNS), for the complex in ethyl alcohol solution, by means of conducto- 
metric titrations. 

Brintzinger and Ratanarat (Z. anorg. Chem., 1935, 228, 106) from the dialysis co- 
efficient measurement found ferric thiocyanate to be an anion complex. Kiss et al. 
(Z. anorg. aligem. Chem., 1940, 244, 98) also presumed that Fe(CNS),°~ complex was 
the one responsible for absorption (colour). 

Max Méller ‘Kem. Maanedsblad, 1937, 18, 138) showed from conductivity measure- 
ments that in solutions containing Fe** and CNS, at the most 3 CNS™ ions could 
be bound by the Fe complex. From the measurement of the oxidation-reduction poten- 
tials in solutions containing Fe?*, Fe’* and KCNS, he found that the formation of 
Fe[Fe(CNS),] did not come into consideration. 

Bent and French (J. Amer. Chem. Soc., 1941, 68, 568) and Edmonds and Birnbaum 
libid., 1941, 68, 1471) found conclusive evidence for the structure Fe(CNS)** for the 
ferric thiocyanate complex in 3.6 107° M solution. Gould and Vosburgh (ibid., 10942, 
64, 1630) confirmed the Fe(CNS)** structure by Job’s method of continuous variation, 
modified by Vosburgh and Cooper (ibid, 1941, 68, 437). 

Babko ‘J. Gen. Chem. USSR, 1946, 16, 1549) interpreted the extinction curves 
(extinction rising with increasing CNS™) in terms of a ‘stepwise complex formation’ 
i.e., from Fe(CNS)** to Fe(CNS),°~. Babko and Kodenskaya (ibid., 1947, 17, 1080) 
found similar ‘stepwise complex formation’ of increasingly CNS~ rich complexes in 
non-aqueous solvents like 90% EtOH and Me.CO. 

Polchlopek and Smith (J. Amer. Chem. Soc., 1949, 71, 3280} followed Job’s con- 
tinuous variation method to prove the existence of complexes higher than Fe(CNS)**, 
at higher concentrations of ferric thiocyanate. As CNS~ concentration is increased, the 
absorption maxima shift to longer wave-lengths, this being interpreted as an indication 
of complexes higher than Fe(CNS)**. 

Baldwin and Svirley (ibid., 1949, TA, 3326) studied ferric thiocyanate complex in 
different organic solvent —H,0 mixtures, as a function of the dielectric constant of the 
solvent pair. They postulate Fe.(CNS), and Fe(CNS),°~ producing colour in these 
solvent pairs. 

Chatterji ‘Science & Culture, 1949, 15, 201) studied the Fe**-CNS™~ reaction by a 
thermometric method. The titration curves show breaks corresponding to Fe(CNS)’*, 
Fe(CNS)3, Fe (CNS)$ and Fe(CNS)z. 


Colorimetric Study 


‘The ferric thiocyanate complex was studied colorimetrically at low concentrations 
of Fe*®* ion and in acid medium (Fe**, 2.5 x 107*-M in 8.3 x 107° N*HC]) by titrating a 


« 3+ 


definite amount of Fe** with thiocyanate solution. 











FERRIC THIOCYANATE COMPLEXES 301 





FeCl, (M/4000, 25 ¢.c.) in 0.0083N-HCl was taken in a rectangular glass cell 
with 2 cm. path. The cell was kept in position in the Klett-Sommerson photoelectric 
colorimeter. NH,CNS solution (M/80) was run into the Fe** solution from a burette 
in portions of 0.10 c.c. at a time in the initial stages. At each addition of CNS™ the 
absorption of the solution (containing Fe**-thiocyanate complex) was measured, for 
the light transmitted by a filter with transmission maximum at 500 mp. Before taking 
the absorption readings, the solution was thoroughly stiired to avoid any non-uniform 
colour density throughout the solution. The titration cell was covered by a blackend 
cardboard strip to avoid any extraneous light falling on to the solution. 

The titration was carried out to 62 equivalents of CNS~ (31.0 c.c. CNS~) for one 
Fe**, because the colour density increased steadily with increasing CNS™ and tended to 
a saturation value only at a very high proportion of CNS~. 


FIG. 1 
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The observations are shown in Fig. 1. The absorption readings have been corrected 
for dilution by assuming Beer's law. 

A graph, plotted with corrected absorption readings and CNS™ equivalents, is a 
smooth curve whose slope gradually falls down and at high CNS™ ratio the slope 
8R/8 c.c. becomes very small and tends to zero. The zero slope or colour saturation 
is extrapolated from the graph to a value of 610, on the scale of the instrument. 


As reported by several workers that Fe'CNS)** was the complex present in ferric 
thiocyanate solutions at low concentrations, the following reaction was assumed to take 


place : 


Re + CNS~ 3” Fe(CNS)** 
a-—.x) (b-—x) (x) 
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The equilibrium constant ‘K’ of the reverse reaction is given by K=(a-x)(b-x)/x. 
Here ‘a’ and ‘b’ are known in terms of the molar concentrations, and ‘x’, in terms of 
absorption at the given wave-length (500 mu). At the saturation value of the colour, 
almost complete transformation of Fe** into Fe(CNS)** is indicated. Thus, this value 
‘R’ is proportional to the concentration (a). Any reading ‘r’ is proportional to ‘x’ at 
that moment. ‘x’ can be evaluated in terms of the molar concentration thus: 


x=a.r/R moles/litre. 


Knowing ‘a’, ‘b’ and ‘x’, the values of ‘K’ are calculated and are found to remain 
fairly constant, showing the legitimate assumption of Fe‘CNS)** complex at this con- 
centration. Values of the equilbrium constants calculated for other mole ratios [e.g. 
K’ for Fe(CNS),*] show great disagreement with each other. ‘The values of ‘K’ are 


given below. 


TABLE | 
Fe3+:CNS~. * f Fe. (K’ « 10°) (K x103). Fe3+:CNS-. * f Fe. (K’ x 107). (K x 103), 
Te 0.68 ‘ ne 1 36 0.143 31 2.5 
» a? | 0.50 4 2.3 1:8 O.1II 4o 24 
132 0.33 9 2.4 1 110 0.090 7 
1:3 0 25 14 2.4 I :12 0.077 = “3 
134 0.20 20 2.5 1:16 0.056 76 _- 
* f Fe = mole fraction of Fe3* 


The ferric thiocyanate complex at higher concentrations has been studied potentio- 
metrically and evidence for higher complexes Fe(CNS),-, has been found. 


Potentiometric Study 


The complex formation between Fe** and CNS~ at higher concentrations of Fe** 
(M/70) was studied potentiometrically, by measuring the oxidation-reduction potential 
of Fe** ion in varying amounts of CNS~. The system used was: 


Pt*/soln./satd. KCl/ N-KCl-Hg,Cl./Hg~ 


Ferric alum solution (M/20, 5 c.c.), equivalent to Fe** ion concentration of M/10, 
was diluted with 30 c.c. of 0.68N-HCI (giving a solution of M/70 Fe** in 0.558 N 
HCl) and taken in a pyrex glass cell. Platinum spiral electrode was dipped in this 
solution. The bridge used was that of saturated KCl. The E.M.F. measurements 
were done on a Doran potentiometer. M/2-NH,CNS solution was run into the titration 
cell from a burette in amounts of 0.10 c.c. at a time, and the corresponding potential 
variations were recorded after each addition. The titration cell was covered by a piece of 
black paper throughout the experimeut, to avoid light falling on the coloured Fe** -CNS~ 
not quite siable when exposed to light. The solution was stirred well 


complex, 
by means of a magnetic stirrer. 

















were overcome. 


These peaks occur at definite intervals and correspond to 
plexes between Fe** and CNS™ ions. 
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The E.M.F. readings were taken after equal time intervals (1 minute for 0.1 c.c.). 
The readings did not change with time. However, when 1.16N-HNO, was used as 
: the acid medium for this reaction, the E.M.F. readings became steady after a long 
| time and discoloration of the complex took place. In HCl medium both these difficulties 


The observations are shown in Fig. 2. The inflexions in the (E.M.F.—c.c.) curve 
are clearly indicated by sharp peaks in the differential curve (6E/6 c.c. vs. mean c.c.). 


different stoichiometric com- 
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The first strong peak in the differential graph occurs 


observed values in the following table. 


2.98 


3.05 12 








at 0.85 c.c. (at nearly one 


equivalent of CNS” to one Fe**) and is attributed to Fe(CNS)** complex. The 
positions of other peaks for higher complexes are calculated with respect to this observed 
value for 1:1 stoichiometry. These calculated values are compared with the other 


TaBie II 
CN8~: Fe?*. Peak values. Intensity CNS~: Fe**, Peak values. Intensity 
Calc. Obs. of peaks. Calc. Obs. of peaks. 
1.0 :1 0.85 0.85 45 4.031 3-40 3-55 12 
2.0 21 1470 1.75 20 5.0 :1 4-25 4.05 10 
2.5 31 2.13 2.15 21 5.5 :2 4-68 4.70 8 
3.0 31 2.55 2.45 13 6.0 31 5.10 5-20 8 
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The existence of various complexes from Fe(CNS)** to FefCNS),°~ at moderately 
high concentrations of Fe*®* and CNS~ ions is shown in the direct titration. As the 
CNS~ increases, the number of CNS groups co-ordinated to Fe also increases and 
reaches the maximum of six. ‘The half values at which the peaks occur can be explained 
in terms of dimeric unit of iron, twelve water molecules co-ordinated to iron are 


replaced one by one, by the CNS groups. Thus 12 complexes in all, from Fe(CNS)?* 
to Fe(CNS),°~ should be possible, most of which are indicated in the differential graph. 
DEPARTMENT OF CHEMISTRY, Received December 22, 1953. 
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KINETICS OF REACTION BETWEEN CHROMIUM SESQUIOXIDE AND 
POTASSIUM BROMATE 


By C. R. TALPADE AND N. R. SANJANA 


The reaction between KBrO; and Cr,03 proceeds at higher rate with increase of temperature, de- 
crease of pu and volume of the reaction solution, increase in the mass of Cr,O, or concentration of 
KBrO; solution o1 addition of bromine. An increase in Pa on the alkaline side stops the reaction 
completely. During the course of the reaction, the concentration of potassium bromate is reduced 
either by way of reaction with bromide produced or by adsorption of CrsO3. 


Leyden (Z. anorg. allgem. Chem., 1935, 228, 28 ; 1935, 226, 46; investigated the 
reaction between potassium bromate and chromium sesquioxide and found it to be auto- 
catalytic in nature, the auto-catalysis being caused by the H* ions formed during the 
course of the reaction. He followed the course of the reaction by determining gravi- 
metrically the amount of chromium oxide remaining unreacted. 


The equation (1) representing the reaction established by Leyden has been confirmed 
by the authors. 


5Cr,0, + 6KBrO, = 3K,Cr,0, + 4CrO, + 3Br, a @ 


From this equation, it is clear that 36N potassium bromate solution would give 
rise to 30N potassium dichromate and chromic acid solution. Hence, if the decrease 
in the normality of the bromate solution is followed from time to time, one should get 
a clear idea about the course of the reaction; this has been attempted in this investiga- 
tion. 


ExPERIMENTAL 


In order to follow the reaction, the reaction mixture was filtered through a Buchner 
funnel at regular intervals of time and the precipitate was thoroughly washed. The 
filtrate was made up to 250 c.c. with distilled water and 25 c.c. of this solution were 
titrated iodimetrically against standard sodium thiosulphate solution, the titration 
affording the combined normality of the unreacted bromate and the newly formed dichro- 
mate and chromic acid. The effects of temperature, concentration of potassium bromate 
solution, px and volume of the reaction mixture, mass of chromium sesquioxide and 
of the addition of bromine to the reaction mixture have been studied. 


The Cr,O, used was prepared from ammonium dichromate by heating it strongly. 
The oxide was passed through a sieve of 200 meshes per square inch and then used 
in all the experiments. In the following tables ‘x’ represents the change in the total 
concentrations of the mixture expressed in milli-equivalents, 
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Cr.O, taken = 0.1 g. 


Time. 


30 
60 
go 
120 
150 
18) 


Cr.0, = 0.1 g. 


min. 


Time. 


30 
60 
go 
120 
Ico 
180 


min. 


C. R. TALPADE AND N. R. SANJANA 


TABLE I 


Effect of temperature. 


50°. 
0.030 
0.043 
0.0675 
0.095 
0.120 
0.1725 


TABLE II 


KBrO, soln. = 4.0 m.e. in 10 c.c. 


x at 
60°. 
0.085 
0.1225 
0.1740 
0.3785 
0.1835 
0.2395 


ba of the soln. = 7.11. 


Effect of volume and potassium bromate solution. 


Temp. = 50°. , of the solution = 7.11. 


toc c. 


0.C30 
0.043 
0.0675 
0.095 
0.120 
0.1725 


xin 
15 ¢.c. 
0,030 


0 935 


0.0475 


0.075 


0.090 
0.125 


-) 

~ 

~ 
oO 


o 
Nn 
n 
oo 


nN 
wn 
nN 


KBrO; = 1.0 m.e. in 10, 15 and 20¢c.c. of the reaction mixture. 


20 C.Cc. 
oO 030 
0.035 
0.040 
Oo 050 
0.060 
0.070 


Change of pu of Bromate solution.—The px of the bromate solution was changed 
by addition of known volume of standard H,SO, and NaOH solution. 


Cr.0O; = 0.1 g. 


Cr,O; = 0.1 g. 


Time. 
12.22 
30 min. —0.0165 
— 0.0165 
go —0.0140 
120 —0.009 
150 —0.014 
180 —0.014 
Time. 
30 min 
60 
go 
120 
150 
180 





Tasie III 


KBrO, = 1.0 m.e. in 10 ¢.c. 


x in solutions of fu of 


7.1%. 0.57 
0.030 0.105 
0.043 0.1315 
0.0675 0.160 
0.095 0.1775 
0.120 0.1825 
9.1725 0.210 
TaBLe IV 


Temp. 


Change in conc. of KBrO, solution. 
Pu = 7.11. 


T.O 1.€, 


0.030 
0.043 
0.0675 
0.095 


0.120 


0.1725 


Temp. = 50°. 
x for the amount of KBrO, in 10 c.c. of the reaction mixture. 


3.0 m.e. 


0.069 
0.081 
0.199 
0.223 
0.275 


0.396 


™<¢0 . 


° 


0.19. 


0.180 
0.195 
0.220 
0.220 
0.220 
0.220 


0.07. 


co20¢ 
NYRR N PW 
» o 
=) 


9 
UNUM Nw&H 
oOMcwN 


> A>; 


5.0 m.e 


0.155 
0.202 
0.253 
0.309 
0.328 
0.328 
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TABLE V 


Effect.of change in the mass of Cr.Os. 


KBrO, = 1.0 m.e. in to c.c. Temp. = 50°. pu = 7.11. 

Time. x for Cr,O3 

0.95 g. 0.10 g. 0.15 g. 
30 min. 0.020 0.030 0.033 
60 0.030 0.043 0.047 
so 0.047 0.0675 0.089 
120 C.055 , 0.095 0.1385 
150 0.075 0.120 0.162 
180 0.100 0.1725 c.176 


Effect of Addition of Bromine solution to the Reaction Mixture.—To study this 
effect 5 c.c. of o.5N-Br, were added to 10 c.c. of the KBrQ; solution and all other factors 
were kept constant. 


TABLE VI 
Cr,0; = 0.1g. KBrO,; = 1.0 m.c. in 1oc.c. Temp. = 50°. 
Time. Without Br, With 5 c.c. of 0.5N-Bry. 
30 min. 0.930 0.128 
60 0.043 0.162 
» 0.0.0675 0.182 
120 0.095 0.1935 
150 0.120 0.1935 
180 0.1725 0.2295 


From the above tables the reaction appears to proceed with greater velocity at 
increased temperature and lower fs, and with increased mass of Cr.0, and 
increased concentration and quantity of the bromate solution, and with the addition 
of bromine. Considering the chemical equation of the reaction, the quantity of bromate 
reacted should be six times the change in the concentration of the bromate solution. 
However, it is found that the quantity of bromate reacted is more than that taken in 
the beginning. In order to get a more clear idea about this observation, the resulting 
solution was analysed for bromate and chromate as follows. 

The combined nurmaiity was found as usua] by titration against sodium thiosul- 
phate. Another 25c.c. of the diluted solution was reduced by excess of acidified 
sodium sulphite and the excess of sulphite was decomposed by boiling. The solution 
was then oxidised with sodium peroxide whereby potassium dichromate only was again 
formed. ‘This dichromate was estimated by titration against standard Na,S,0,. Thus, 
the amount of potassium dichromate formed and potassium bromate reacted could be 
separately estimated. From the amount of dichromate formed, the theoretical amount 
of potassium bromate reacted was calculated from the equation. The results obtained 
are shown in Table VII. 
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TasLe VII 


Cr,0; = 0.1 g. KBrO; = 1.0 m.e. 
(A fresh sample of Cr.0, was used). 


Time. Potassium bromate reacted. 
Found. 
30 min. 0.0856 
60 0.1470 
90 0.2327 
120 0.4854 
150 0.5880 
180 f 0.6348 


Cale. 
0.0559 
0.0706 

».144I 
0.4059 
0.4992 
0.5529 


Temp. = 50°. 


° 


Change in concentration 
of the reaction mixture. 


0.0390 
0.0882 
0.1126 
0.1471 
0.1710 
0.1740 


It will be seen that the amount of potassium bromate reacted ‘determined experi- 
mentally) is always greater than the amount calculated from the concentration of 
potassium dichromate formed during the course of the reaction. This shows that all 
the bromate is not utilised in the oxidation of chromium oxide but part of it either de- 
composes by reaction with the bromide formed or is lost by way of adsorption on Cr,Qs. 
If the amount of potassium bromate reacted, determined experimentally or theoretically, 
is plotted against time, it is found that the reaction is an autocatalytic one. 


CHEMICAL LABORATORIES, 
FERGUSSON COLLEGE, 
POONA-4. 
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EXPERIMENTS TOWARDS A SYNTHESIS OF SPHINGOSINE 


By K. AHMAD 


A possible synthesis of sphingosine to confirm its structure as cis- or trans-2-aminooctadec-4-ene- 
1 :3-diol has been proposed and some of the intermediates have been synthesised. 


Though racemic dihydrosphingosine has been synthesised (Grob, Jenny and 
Utzinger, Helv. Chim. Acta, 1951, 34, 2249; Egerton, Gregory and Malkin, J. Chem. 
Soc., 1952, 2272) a synthesis of sphingosine itselt has not been described. However, 
Egerton et al. (loc. cit.) noted in a foot note of their paper on the synthesis of di- 
hydrosphingosine that they were also able to synthesise sphingosine. But no details 
of the work have yet been published. The structure of sphingosine from degradative 
studies and infra-red speciral analysis is believed to be /rans-2-aminooctadec-4-ene-1 : 3- 
diol, where the configuration around carbon No. 2isD (Celmer and Carter, Physiol. 
Rev., 1952, 32,187; Mislow, J]. Amer. Chem. Soc., 1952, 74, 5155). . But Nieman 
(J. Amer. Chem. Soc., 1941, 63, 1763) from his studies of the compound thought that 
the molecule had cis configuration of the double bond. Obviously only by an un- 
equivocal synthesis its structure could be finally settled. The following is the report 
on certain experiments designed towards a synthesis of sphingosine and elucidation of 
the geometry of the double bond. Though sphingos:ne was not actually obtained the 
attempt which the author was unable to pursue showed promise and consisted of the 
following reactious. 


CH; (CH,),,C=CH 


(i) EtMgBr, (ii) HC(OERt), 





Y 


liii) dil. HySO, 
(OH) CH .CH,(NO;) 


CH;(CH,),,C=C.CHO > 
' NaOMe 
I) 


CH;(CH,),..C=C.CH(OH).C(Na)(NO,).CH,OH 
(II) 
CH;(CH,),2.C=C.CH(OH).CH(NH,).CH,OH 
(IIT) 
—-——-— > CH,iCH,),,..CH :CH.CH(OH).CH(NH,).CH,OH 
cis-Sphingosine. 
— CH,(CH,),,CH :CH.CH(OH)CH(NH,).CH,OH 
trans-Sphingosine. 
The stepwise reduction of the nitro group in (II) to the amino group without disturbing 
the triple bond presented difficulties. Lithium-aluminium hydride in ether failed to 
produce any basic product. But iron and acetic acid produced a compound which 
dissolved in dilute hydrochloric acid and reappeared on treatment with alkali and was 
presumbly the compound (III). Further work at this stage had to be abandoned. 





Stepwise reduction 
> 











Pd (H2) 





Na(liquid N H3) 





ExPERIMENTAL 
Pentadec-1-yne was prepared by the reaction of 1-bromotridecane and sodium 
acetylide in liquid ammonia in a stainless steel autoclave using the procedure of 
Elsner and Paul (J. Chem Soc., 1951, 894) with 82% yield, based on the bromide, 
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b.p. 99°/0.7 mm., mo’, 1.4440. (Found: C, 86.22; H, 13.45. Calc. for C,sHas:C, 
86.5; H, 13.46 per cent). 

Hexadec-1-ynal (1).—A Grignard reagent was prepared with 220 ml. of dry ether, 
3g. of Mgand 20 g. of ethyl bromide in a three-necked flask fitted with a condenser 
with calcium chloride tube, a stirrer and a dropping funnel. To this was added with 
stirring dropwise 20 g. of pentadec-1-yne in 20 ml. of ether. After the addition 
the reaction was allowed to reflux for 15 minutes, by which time escape of gas (ethane) 
through ‘he condenser had ceased. Now ethyl orthoformate (18 g. in 20 ml. of 
ether) was added dropwise and refluxing continued for 3 hours. ‘The reaction was 
then decomposed with ice-cold dilute acetic acid and the product, the acetal of hexadec- 
2-ynal, was isolated from the ether layer, yield, 23 g., b.p. 148°/0.5 mm., mp’, 
1.4510. (Found: C, 77.51; H, 12.00. C2oH3s0, requires C, 77.42; H, 12.2 per cent). 

The acetal (20 g.) was then hydrolysed by refluxing with dilute sulphuric acid 
(1.5 ml. of conc. H,SO, and 100 ml. of water) for 3 hours in an atmosphere of nitrogen. 
The aldehyde, isolated in the usual manner, showed b.p. 125-26°/20 mm., mp*’, 1.4560. 
(Found: C, 81.26; H, 11.01. C,,H,sO requires C, 81.3; H, 11.01 per cent). Its 
semicarbazone melted at 110°. 

2-Nitroethanol was made by the reaction between nitromethane and paraformal- 
dehyde, catalysed by a minute amount of patassium carbonate (Gorski and Makarow, 
Ber., 1934, 67, 996). Distillation of the product had to be done with utmost precaution 
as several times it led to explosion. 

2-Nitrooctadec-4-yne-1 :3-diol.— To condense nitroethanol with (I), the compound 
(1, 6.2 g.), nitruethanol [4.5 g.) and 30 ml. of dry methanol were placed in a three- 
necked flask fitted with a stirrer, a calcium chloride tube and a droppiug funnei. 
While the flask was kept cool by surrounding it wiih solid carbon dioxide, a solution 
of sodium methoxide (0.5 g. of sodium in 50 ml. methanol) was added dropwise over 
a period of an hour. Stirring was continued for another four hours. The white solid 
precipitate of (II) was filtered off and washed several times with dry methanol. (Found: 
N, 4.22. CysH2.0,NNa requires N, 4.1 per cent). If leit overnight at room tempera- 
ture it decomposes turning brown to black, yield 6.1 g. 

The reduction of the nitro compound (II) was carried out by iron and acetic acid 
(Alder et al., Ber., 1938, 71, 2451). For the isolation of the product the reaction 
mixture was made alkaline with sodiuin hydroxide and extracted with ether for 48 
hours in a continuous liquid-liquid extractor. The residue after evaporation of 
the ether was an oil which could not be crystallised. It dissolved in dilute hydrochloric 
acid and reappeared with alkali. This was presuniably the compound (III), 2-amino- 
octadec-4-yne-1 : 3-dioi. 

The author is thankful! to the Regius Professor J. W. Cook, D.Sc., F.R.S. of the 
University of Glasgow for the grant of facilities iu the laboratory and his keen interest 
in the work and to the Nufficld Foundation of London for the award of a travelling 
fellowship in Natural Sciences to the author during the year 1951-52 when the reported 


work was done. 


Received October 27, 1953. 
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RAUWOLFININE: A NEW ALKALOID OF RAUWOLFIA SERPENTINA, 
BENTH. PART II. STUDIES ON THE ULTRAVIOLET 
AND INFRA-RED ABSORPTION SPECTRA 


By S. BosE 


Several salts of rauwolfinine (CjgH,g0,N»y, m p. 235-36°) have been prepared and the ultraviolet 
and infra-red absorption spectra of the base studied. From these spectral analyses, it has been 
suggested that rauwolfinine is an indoline derivative and contains one hydroxyl group and an ether 
bridge. 


In a previous communication (Part I, this Journal, 1954, 31, 47), the preli- 
minary studies on the isolation and properties of rauwolfinine {C,,H,,O.N2, m.p 235-36° 
dec.), a new alkaloid of Rauwolfia serpentina, Benth., have been described. It is also 
reported that rauwolfinine is a mono-acidic tertiary base and can form well crystalline 
hydrochloride, B. HCl. Further attempts led to the preparation of other halides of 
rauwolfinine and ulso its nitrate in pure and crystalline state. ‘The yield of rauwol- 
finine, as stated before, is very poor and so before trying exploratory reactions in order to 
find out the skeletal structure and thus avoid wastage of the alkaloid material, the 
ultraviolet and infra-red absorption spectra of the base have been studied to ascertain 
the nature of the functional groups as also to collect evidence on the nitrogenous frame- 
work of the base. 
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The ultraviolet spectrum of- rauwolfinine (Fig. 1) has been studied in alcohol. It 
shows maxima at 249 mz and 292 mz and minima at 226 mp and 272 mp. A compari- 
son of these maxima and minima values with those of indole and indole compounds, listed 
in the following table, shows that the U.V. spectrum cf rauwolfinine very closely 
resembles that of ajmaline and semperflorin. By analogy, it might be suggested that 
like ajmaline and semperflorin, rauwolfinine is also an indoline derivative. 


TABLE I 
Compounds. Maxima at Minima at 
1. Indole 271 mu. 279 mn. 240 meu. 276me . 
2. a8-Dimethylindole (Bader, Helv. Chim. Acta, 1953, 288 285 
36, 215) 225 280 248 
3. Tetrahvdroharman 275 282 247 288 
290 
4- Yohimbine (Wibaut et a]., Festchr, Karrer, 1949, 43) 232 283 247 288 
290 
5. Rauwolscine ( Chatterjee, Zeichmeister's Forts- 227 283 249 288 
chrite, 1953, 10, 390-422) 290 
6. Corynanthiene ( Chatterjee and Karrer, Helv. 227 280 250 288 
Chim. Acta., 1950, 38, 802) 290 
Mayumbine (Janot et al., Compt. rend., 1952, 284, 850) 227 282 ‘ 25° 
8. * Semperflorin (Schlittler et al., Helv. Chim. Acta, 250 204 229 273 
1953, 36, 996) 
9. Ajmaline (Chatterjee and Rose, this Journal, 249 293 226 273 
1954, 31, 17) * 


* A max and A min. values are calculated from the curve. 


The infra-red absorption spectrum of rauwolfinine (Fig. 2) run in chloroform shows 
a weak band at 2.82 (characteristic of tertiary hydroxyl group); the intense bands at 
6.2 and 6.8» are indicative of an indoline nucleus. Such characteristic bands for indoline 
nucleus have also been noticed in the I.R. spectrum of ajmaline (Chatterjee and Bose, 
Exper., 1953, 9, 254; loc. cit.) as also in strychnine (Fig. 3). The strong 
band at op region in the I.R. spectrum of rauwolfinine establishes the presence of an 
ether bridge which has been recently observed in a number of alkaloids [viz., Py-tetra- 
hydroalstonine, Py-tetrahydroserpentin, mayumbine, 5-yohimbine, strychnine (Fig. 3), 
semperflorin, ajmaline and pilocerine]. The I.R. spectrum of rauwolfinine also shows a 
band at 7.24 which is indicative of a C-methyl group which has been confirmed by 
Kuhn-Roth method. The absence of any band in the region of 5.754—6p in the I.R. 
spectrum of the base suggests that rauwolfinine is free from carboxyl, ester, amide, 
betaine or carbonyl group. 

From the studies of ultraviolet and infra-red spectra of rauwolfinine, it is suggested 
that the base contains an indole nucleus in an indoline form which is “in close agreement 


with the following colour reactions, shown ih Table IT. 
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TABLE II 
Colour reactions. Colour developed. Colour reactions. Colour developed. 
1. Ehrlich Pale yellow to reddish yellow ts. Aq. KMnO, Pink violet 
2. Hopkins-Cole Pale yellow to pale violet 16. HyOg, Light pink 
3. Vanillin & conc. HCl  Rose-violet 7. Otto reaction Colorless 
t4. Chlorine water Purple 8. Keller reaction Orange-red 


| These colour reactions are typical of indoline derivative. 


From ‘Table I1 it is evident that rauwolfinine gives a negative Otto reaction and 
so it cannot have a N-acylindole or N-acyldihydroindole structure (Woodward et al., 
J. Amer. Chem. Soc., 1947, 69, 2250). Direct evidence of the indoline structure of 
rauwolfinine has also been obtained from the isolation of several indole compounds and 
derivatives during various degradation experiments, details of which will be reported 
later. 


EXPERIMENTAL* 


Rauwoifinine Hydrobromide.—To an alcoholic solution of rauwolfinine (50 mg. 
in8c.c. alcohol) were added few drops of 48% HBr. The mixture was kept for 2 
hours and concentrated when colorless rod shaped crystals of the hydrobromide 
separated out. It was recrystallised from alcohol, m.p. 280-81° (decomp.), yield 45 mg. 
Rauwolfinine hydrobromide suffered no loss in weight on being dried in vacuo over 
P,O; at 120° for 2 hours. (Found: Br, 19.9. (C,,H..0,.N..HBr requires Br, 20.2 
per cent). 

Rauwolfinine Hydriodide.—To an alcoholic solution of rauwolfinine (50 mg.) a few 
drops of freshly distilied HI (d 1.7) were added. ‘The solution was kept for half an 
hour when it turned red. It was concentrated when light needle-shaped crystals of 
hydriodide separated out, m.p. 263-66° ‘decomp.), yield 30 mg. Rauwolfinine hydriodide 
is pale yeliow in colour and highly soluble in alcohol. It suffered no loss in weight on 
being dried in vacuo over P.O, at 120° for 2 hours. (Found: J, 28.6. C,,H..O,N,.HI 
requires I, 28.7 per cent). 

Rauwolfinine Nitrate.—To an alcoholic solution of rauwolfinine (50 mg.) a few drops 
of nitric acid (1:4) were added. The solution was left for 3 days when it turned pink 
and prismatic needles of rauwolfinine nitrate separated out. It was recrystallised from 
absolute alcohol, m.p 236-37° (decomp.), yieyd 30 mg. It is moderately soluble in 
absolute alcohol and has a viclet tinge. It suffered no loss in weight on being dried 
in vacuo over P,O,; at 120° for 3 hours. (Found: N, 11.26. C,,H,.O.N,. HNO, 
requires N, 11.14 per cent). 

The author wishes to express his best thanks to Dr. Mrs. A. Chatterjee for the 
suggestions and the laboratory facilities given. 

DEPARTMENT OF PURE CHEMISTRY, 
UNIVERSITY COLLEGE OF SCIENCE AND TECHNOLOGY, 
CALCUTTA-9. Received November 30, 1953. 


* Melting points recorded are not corrected. 
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SEARCH FOR NEW ANTISPASMODICS. PART VI 
By T. N. GHosH AnD SAKTIPADA Dutta 


a-Phenyl-a-methylacetoacetonitrile (I) on bromination vields the corresponding y-dibromo derivative 
(II) and a crude liquid product. When reacted with piperidine, (II) furnishes the corresponding 
dipiperidino derivative (III). The crude liquid product on treatment with piperidine yields a mixture 
of (III) and a compound which analyses for -piperidino-a-phenyl-a-methylacetoacetonitrile. (I) 
responds to the Mannich reaction to give the base (IV). 


In a series of papers Denton et al. (J. Amer. Chem. Soc., 1949. 71, 2048, 2050; 
1950, 72, 3792) have attempted to correlate the structures of various f-amino-ethy] 
aromatic ketones with their antispasinodic activities. Some of these compounds have 
been found to possess pronounced activity, equaling Trasentin in antispasmodic action. 
In an attempt to extend our knowledge about the relationship between antispasmodic 
activity and molecular structure, the synthesis of various ketones containing tertiary 
amino groups has been contemplated, and the present work constitutes an attempt to- 
wards that direction. 

a-Phenylacetoacetonitrile has now been methylated with methyl iodide in presence 
of sodium ethoxide to furnish @-phenyl-*-methylacetoacetonitrile (I). When brominated 
in presence of dry chloroform, (1) yields a mixture of a solid dibromo derivative and a 
liquid product which could not be distilled without decomposition. The dibromo 
derivative is obviously y-dibromo-*-phenyl-%-methylacetoacetonitrile (II), and on treat- 
ment with piperidine at room temperature it gives the dipiperidino derivative (III; m.p. 
145-46°) possessing strong basic property. The above crude liquid product appears 
to be a mixture of the monobromo derivative of (I) and traces of (II), because on react- 
ing with piperidine at ordinary temperature two compounds, one melting at 228-30° 
and the other at 145-46°, have been isolated and purified, taking advantage of the 
observation that the latter is readily soluble in cold dilute hydrochloric acid and the 
former is insoluble. The latter has been identified to be (III). The compound (m.p. 
228-30°), although agreeing on analysis with y-piperidino-e-phenyl-2-methylacetoace- 
tonitrile, does not, however, exhibit the characteristic ketonic property (formation of 
any semicarbazone or oxime) and is devoid of any basic property. It has not been 
possible as yet to reconcile these properties with any definite structure. 

The compound (I) responds to the Mannich reaction with piperidine and paraformal- 
dehyde to yield the base (IV), isolated as a liquid and characterised as picrate. It is 
significant to note that similar reaction with diethylamine could not be effected and in 
this connection reference may be given to the lesser activity of diethylamine in the Mannich 
reaction. Kermack and Muir (J. Chem. Soc., 1931, 3089) found that the Mannich 
reaction of ethylmethyl ketone failed with diethylamine. Similar observations have 
been made by Levvy and Nisbet (ibid., 1938, 1053) and by Ray and MacGregor (J. 
Amer. Chem. Soc., 1947, 69, 587) while attempting the Mannich reaction of 2-acetylfuran 
and 2-acetylfluorene respectively with diethylamine aud formaldehyde. 
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Phy J® Ph eee I J : 
>€ (CN)-CO-CBK Y¢ (CN) -CO-CH,-CH,-R 
Me R Me 
(IV; R= —NC;H,y) 
{1, R = H; Il, R=Br; III, R = —NC;H,,] 
EXPERIMENTAL 
4-Phenyl-2-methylacetoacetonitrile (I1).—Sodium (6.2 g.) was dissolved in anhydrous 

ethanol (110 c. c.) ‘and to the cooled solution *-phenylacetoacetonitrile (““Organic Syn- 
thesis’, 1938, Vol. 18, p. 66; 40 g.) was added under shaking, when some heat was 
evolved, accompanied by change of coloration from white to pink. Gradually the sodium 
salt of the keto-cyano compound separated. ‘The mixture was cooled in ice, treated 
with methyl iodide (40 g.) and then allowed to stand for 2 hours in an ice-bath with 
occasional shaking. After heating the mixture on the water-bath under mild refluxing 
for about 15 hours, during which period a further quantity of methyl iodide (5 g.) was 
gradually added, ethanol] was distilled. ‘The residue was cooled and diluted with water. 
The oily layer was extracted with ether and removal of the ether left a mobile liquid which 
was distilled at 122-24°/4 mm. It isa light yellow. sweet smelling liquid which, in 
contrast with «-phenylacetoacetonitrile, does not give any distinctive colour with 
ferric chloride. (Found: C, 75.88; H, 6.12. C,,H,,ON requires C, 76.30; H, 6.36 
per cent). 

The semicarbazone was recrystallised from ethanol in colorless rectangular plates, 
m.p. 257-58° ‘decomp.). (Found: N, 24.12. C,;2.H,,ON, requires N, 24.34 per cent). 

Bromination of %-Phenyl-a.methylacetoacetonitrile-—Bromine (20g.) was added 
dropwise to an ice-cooled soiution of the compound (I, 20 g.) in anhydrous chloroform 
(30 c.c.). The reaction mixture was allowed to stard overnight at ordinary temperature 
and there was copious evolution of hydrogen bromide. The mixture was poured into 
ice-water, and the chloroform layer separated, washed thoroughly first with cold water, 
then with ice-cooled aqueous sodium bicarbonate solution (5%) and finally with cold 
water. Removal of chloroform left a liquid which, on standing in a vacuum desiccator 
for 2-3 days, deposited a solid. The solid (y-dibromo-*-phenyl-¢-methylacetoaceto- 
nitrile, 11) was filtered under suction from the heavy liquid, washed with benzene and 
crystallised from benzene-ethanol mixture in colorless needles {3.5 g.), m.p. 210° 
(decomp.). (Found: N, 4.55 ; Br, 48.08. C,,HyONBr, requires N, 4.23; Br, 48.33 per cent). 

The above heavy liquid* (28 g.) could not be distilled under reduced pressure, as it 
tended to decompose. Its reaction with piperidine is described subsequently. 

_-Dipiperidino-2-phenyl %-methylacetoacetonitrile {I11, R = piperidino).—Piperidine 
(10 g.) was added dropwise to an ice-cooled solution of the above compound (II; 6g.) in 
anhydrous benzene (20 c.c.) and the mixture was allowed to stand overnight at ordinary 
temperature. Piperidine hydrobromide was filtered off and washed with benzene. The 
washing and the filtrate were combined and removal of benzene left a semi-solid residue, 
which was triturated with water. The solid (3 g.) was crystallised from aqueous ethanol 
in fine colorless needles, m.p. 145-46°. It. was dried in vacuo at go°-95° over P,Os. 
(Found : N, 12.12. Cz,H.,»ON; requires N, 12.38 per cent), It is readily soluble in cold 
dilute hydrochloric acid. 
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The semicarbazone was recrystallised from ethanol in colorless rectangular plates, 
m.p. 185-86°. (Found: N, 20.83. C2:H;,ON, requires N, 21.21 per cent). 

Reaction of the above heavy liquid* with Piperidine.—Piperidine {22 g.) was added 
dropwise to an ice-cooled solution of the above heavy liquid* (28. g.) in anhydrous benzene 
‘60 c.c.) and the mixture was allowed to stand overnight at ordinary temperature. Piperi- 
dine hydrobromide was filtered off and washed with benzene. The washing and the filtrate 
were combined and removal of benzene left a viscous dark coloured mass. When 
kept in the refrigerator for about 24 hours, a solid separated which was filtered under 
suction from the heavy liquid and washed with ether. After thorough trituration with 
dilute hydrochloric acid, it was crystallised from glacial acetic acid in fine colorless 
needles (4.5 g-), m.p. 228-30°. (Found :C, 74.32; H, 8.12; N, 11.21 percent). It is 
insoluble in cold, dilute or concentrated hydrochioric acid and does not give any oxime 
or semicarbazone under the usual conditions. 

The filtrate (the above heavy liquid) and the ether washing were combined. 
To this more ether (150 c.c.) was added and the mixture allowed to stand in 
the refrigerator for about 36 hours, when a solid separated which was filtered, 
washed with ether and crystallised from aqueous ethanol in colorless needles (3.5 g.), 
m.p. 145-46°. It is readily solubie in cold dilute hydrochloric acid and its identity with 
(III, R=piperidino) was proved by a mixed m.p. which was undecpressed. From 
the filtrate ether was removed and the residual heavy liquid did not yield any further 
quantity of solid on standing in a vacuum desiccator for about 15 days. 

y-Pipzridinomethyl--phenyl-2-methylacetoacetonit rile (1V, R = piperidino ).—A 
mixture of the compound (I; 7 g.), piperidine hydrochloride (6 g.) and paraformaldehyde 
(1.75 g.) in anhydrous ethanol (40 c. c.) was heated on the water-bath under reflux for 4 
hours. More quantity of paraformaldehyde (0.5 g.) was added and heating was con- 
tinued for 4 hours more. Ethanol was distilled and the residue diluted with water and 
extracted with ether. The aqueous solution was basified with cold, dilute caustic soda 
solution (5%) and then extracted twice with ether. The ether solution was washed 
twice with cold water and after distillation of ether a liquid (3 g.) was obtained which 
was heated on the water-bath under suction. The picrate was crystallised from ethanol 
in yellow rectangular plates, m.p. 168-70°. (Found: N, 13.75. Ciz7H2,0N,. CcH;0;N; 
requires N, 14.02 per cent). 

The authors’ sincere thanks are due to Dr. U. P. Basu for his kind interest in this 


investigation. 


BENGAL IMMUNITY RESEARCH INSTITUTE, 
CALCUTTA-16. Received September 24, 1953 

















| Jour. Indian Chem. Soc., Vol. 31, No. 4, 1954] 


PHYSICO-CHEMICAL STUDIES ON COMPLEX THIOSULPHATES OF 
METALS. PART I. CONDUCTOMETRIC INVESTIGATIONS ON 
SILVER THIOSULPHATE COMPLEXES 


By Ram SAHAI SAXENA AND N. J. JAIN 


The formation and composition of si!ver thiosulphate complexes have been studied by conducto- 
metric titrations between silver nitrate and sodium thiosulphate at seveial concentrations hoth by the 
direct and the reverse methods. The direct titration curves yield four distinct breaks corresponding 
to the formation of NagAg(S,03)., NaAgS,O03, NasAg3(S,04)4 and AgeS.O; ; while in the reverse titrations 
only two breaks are observed, suggesting the formation of NaAgS O03 and AgeS.03. 


It is well known that the thiosulphates of metals which give insoluble sulphides 
are very unstable. They decompose to sulphides both in the dry state or when heated 
with water (Thorne and Roberts, ‘Inorganic Chemistry’’, 5th Ed.,, 1949, p. 567), and 
hence, analytical methods have failed to give a correct view of the composition of 
these complexs. Turgut Aktun (Bull. Turk. Phys. Soc., 1952, No. 7, 3) noticed that 
the suspended silver thiosulphate in water decomposed to Ag.S and H.SO,. Dey 
and Mushran (Proc. Nat. Acad. Sci., 1947, 16A, 37) analysed the compound obtained 
by adding Na.S,0, to AgCl and the analysis corresponded to Ag,S.O0;. 4Na,S,0;. xH,O 
for all samples which did not correspond to any formula suggested so far. They were 
of op:nion that to obtain the formula of any co-ordination compound, physico-chemical 
methods must be applied. There are, however, very few references on the study of 
silver thiosulphate complexes by physico-chemical methods. Only Basset and Lemon 
(J. Chem. Soc., 1933, 1423) identified a few compounds by a phase ruie study. 

In view of the difficulties associated with the analytical work, and in the absence of 
any decisive views or the composition of these complexes, attempts have been made 
to make a comprehensive study by applying physico-chemical methods (cf. Saxena, 
this Journal, 10951, 23, 141, 221, 703; 1952, 29, 263, 284, 520, 535, et seq.). While 
the experiments on potentiometric and thermometric titrations are already in progress, 


the results of conductometric titrations are being communicated. 


ExPERIMENTAL 


Merck's (guaranteed extrapure) reagents were used. Air-free conductivity water 
was used for the preparation of standard solutions and further dilutions. The con- 
ductivities. were measured by Kohlrausch Universal Bridge (W. G. Pye, Ltd.). The 
alternate current was supplied by a low frequency oscillator (rovo c/s) and the point of 
balance was indicated by the minima of sound in the head phone. The conductivity 
cell was kept immersed in an elecirically maintained thermostat. The conductance 
obtained after each addition was corrected for the dilution effect by multiplying the 
observed conductance by V;x, where V refers to the total volume of the solution and 
xc.c. is the volume of the reactant already taken in the cell (Davies, “The Conductivity 









320 


Corr. conductance x 10%(mhos.). 
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of Solutions’’, p. 238). Curves were plotted between the corrected conductance, thus 
obtained, and the volume of the titrant. The breaks in the curves correspond to the 
formation of different compounds. Using different concentrations of the reactants, the 
titrations were performed by direct and reverse methods (i. e. when AgNO, solution 
from the burette was added to Na,S.O, solution in the titration cell and vice-versa). 


TABLE I 


Summary of results of conductometric titrations. 


Points showing breaks. 


Fig. No. AgNO. NagS_03. Cale 
Direct titrations. 


2 M/5 M/24 (12 ¢.c.) 1.25 C.C. 
2.50 
3-33 
5.0 

a. M/t5 M/s56 (16 c.c.) 2.14 
4.28 
5.71 
8.56 


Reverse titrations. 


3: M/s50 (20 c.c.) M/10 2.0 
4.0 
4 M/90 (20 ¢.c.) M/25 2.78 
5-55 


Obs. 


wn 
n 
° 


Formula supported. 


Na3Ag(S,03)o 
NaAg!So03) 
NasAg3(S,03)4 
A 82 (SoC 3) 
Na3Ag!S,03)2 
NaAg(So03) 
Na;Ag3(S)03), 
Aga(S_03) 


Agz(S203) 
Na[Ag(S,0.) | 


Age(S_O3) 
Na[Ag(S,0;) ] 
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Fic. 4 


Corr. conductance x 10? (mhos.). 











I 3 5 ? 9 11 
M/125-Na9S,0; added to M/go-AgNOs (taken =20 c.c.). 


DiscuUuSSION 


From Table I it appears that in the case of direct titrations (vide Figs. 1 and 2), 
there are four distinct breaks where the molecular ratios of the reactants are as 1; 2, 
I: I, 3:4 and 2:1, corresponding to the formation of Na;Ag(S,0,),, NaAg(S,O,), 





7—1851P—4. 
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Na; Ag; (S,03),, and Ag.S.0,; respectively ; whereas the reverse titrations (vide Figs. 
3 and 4) give only two points of equivalence in support of the formation of the 
compounds Ag,S.O,; and NaAg (S,0;). 

Basset and Lemon (loc. cit.) had identified the following compounds from a phase 
rule study: NaAg(S,0,).H,0, Nas;[Ag(S;0;).].2H.O, Na; [Ags(S,0,),].2H,O, and 
Na[Ag;(S,0;),]-H,0. The formation of the first three complexes has been confirmed by 
our conductometric results in direct titrations, while there is no evidence of the forma- 
tion of the last compound Na[Ag;(S,0,).] from the conductivity curves, which is an 
equimolecular mixture of the compounds Na[Ag(S.O;)] and Ag,S,.0s. 

In the light of conductometric results, the formation of the compound Ag,S,QOsj. 
4Na.S.0s, as obtained by Dey and Mushran (loc. cit.) by analysis, is also untenable. 

Thanks of the authors are due to Dr. A. K. Bhattacharya, D.Sc. of Agra College, 
Agra, for his interest in this investigation. 

CHEMICAL LABORATORIES, 


HERBERT COLLEGE, KOTAH (RAJASTHAN) Received October 27, 1953. 
& AGRA COLLEGE, AGRA. 
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POSSIBLE ANTITUBERCULOUS COMPOUNDS. PART III. PREPARATION 
OF CRESOTINHYDRAZIDES AND THEIR N’-BENZYLIDENE 
DERIVATIVES 


By Vinay S. MIsRA AND MAHESHWARI P. KHARE 


Three new hydrazides of ortho-, mata-and para-cresotinic acids and their condensation products 
with different substituted aromatic aldehydes have been prepared with a view to studying their tuberculo- 
static activity. 

Much work on the antitubercular properties of non-pyridinic hydrazides has been 
stimulated- by the remarkable efficacy of isonicotinhydrazide in human tuberculosis, 
though none of them has been found to be as effective as isonicotinhydrazide (Buu-Hoi 
et al., Compt. rend., 1952, 285, 329). 

The activity of such hydrazides has been found to depend largely upon their mole- 
cular structure, and this postulate led the authors to prepare three hydrazides of ortho-, 
meta- and para-cresotinic acids. These were prepared by the method of Buu-Hoi et al. 
(J. Chem. Soc., 1953 1358), who described the. preparation of hydrazides of ortho- 
and para-hydroxybenzoic acids and their chloro and bromo compuunds. ‘The hydrazides 
were further converted into a number of N’-benzylidene derivatives with a view to lower- 
ing their toxicity by the protection of the free-— NH, group present in them. 

Activity of these compounds will be reported later on. 


ExPERIMENTAL 


Cresotinhydrazides.—Methy] ester of cresotinic acid (4.5 g.) was mixed with 95% 
hydrazine hydrate (2.5 g.) in a 100 c.c. r. b. flask fitted with a reflux condenser. Alcohol 
(50 c.c.) was added to it and the mixture refluxed on a water-bath for 5 hours. Excess 
of alcohol was then distilled off till the crystals began to appear, when it was cooled 
and filtered. The solid was then recrystallised from the appropriate solvent. 


TABLE I 
Solvent and % Yield % Nitrogen. 
Cresotin M.P. crystalline shape. {of theory) Found. Cale 
hydrazide. 
Ortho 1§9-g0° EtOH ; colorless needles 89 17.27 16.88 
Meta 169-70° 70% EtOH ; do 70 17.01 Rs 
Para 117° Hot water ; colorless 75 16 82 se 


flakes 


N’-Benzylidene derivatives of the hydrazides were obtained in the usual way by 
refluxing equimolar quantities of the hydrazides and the freshly distilled aldehyde in 
the presence of ethanol. ‘The benzylidene compounds separated out within 30 minutes; 
they were cooled and filtered after distilling off the excess of alcohol. It was then 
recrystallised from the appropriate solvent. The following derivatives have been obtained, 
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Substituent in the 
benzylidene residue 


o-OH 

p-OMe 

p-NMey 
Cinnamylidene 
Piperonylidene 


0-OH 

p-OMe 

p-NMe, 
Cinnamylidene 
Piperonylidene 


o-OH 

p-OMe 

p-NMe» 
Cinnamylidene 
Piperonylidene 


The authors are thankful to Dr. A. B. Sen for his kind interest in the work, 
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Substituted N’-benzylidene derivatives of o-cresotinhydrazide 


M.P. 


219-18° 
178-79° 
221° 

183-84° 
188-89° 


Crystallising 
solvent. 


Alcohol 


” 


” 


” 


8o 
93 


89 
84 


% Yield 
(of theory). 


Mol. 
formula. Found. 
CysH yO3Ny 10.56 
CygHyg03N4 9-70 
Cy7HgOQN3 14.51 
C\7HeO2N 9.50 
CysHyONg 9.31 


Substituted N’-benzvlidene derivatives of m-cresotinhydrazide. 


270° 
217-18° 
217-18° 
207-8° 
216-17° 


Dioxane 
EtOH 
Acetone 
EtOH 


Substituted N’-benzylidene derivatives of p-cresotinhydrazide. 


274° 
203-4° 
236-37° 
223-24° 
216-17° 


CHEMISTRY, 


LUCKNOW UNIVERSITY, 
LucCKNOoW. 


Acetone 
Do 
Dioxane 
Acetone 
Dioxane 


92 
99 
89 
77 
84 


Cy5H4O:Ne 10.10 
CyeHy6O3N2 9.56 
C\7H)g02N3 14.27 
Cyr y6O3N, 10.53 
C 16H ,04N2 9-37 
CisH4O.Ng 10.17 
C\6Hg03Ny 10.31 
CypH90,N, 14.69 
Cy7HysOeN, 9.83 
Ci6H)OyN2 9-43 


Received November 28, 1553. 





% Nitrogen. 


Calc. 
10.37 
9.86 
14.14 
10 0V 
9.40 
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STUDIES IN FRIES MIGRATION. PART XII. FORMATION OF 
8-ACETYL-2-NAPHTHOL IN MIGRATION OF 8-NAPHTHYL 
ACETATE 


By G. G. JosHi AND N. M. SHAH 


The Fries migration of 8-naphthyl acetate has been systematically investigated. In addition to 
1-acetyl-2-naphthol, it yields a small quantity of 8-acetyl-2-naphthol. 


In previous communications (Joshi and Shah, Curr. Sci., 1951, 20, 234; this 
Journal, 1952, 29, 225), we have reported the formation of a small quantity of a ketonic 
product of m.p. 150° in addition to 1-acetyl-2-naphthol (II), obtained in the Fries iso- 
merisation of 8-naphthyl acetate (I). The amount of the product of. m.p. 150° being 
formed in sma!] quantity, it was being collected for further investigation. It has now 
been confirmed to be 8-acetyl-2-naphthol (III) as it is identical with the product obtained 
by the Friedel Crafts acetylation of acet2-2-naphthalide (Leonard and Hyson, J. Org. 
Chem., 1948, 18, 164). Its identity was further established by mixed melting point with 
an authentic sample of 8-acetyl-2-naphthol, kindly supplied by Prof. Leonard (Illinois 
University, Urbana, U.S.A.) to whom we express our thanks. 

It is interesting to note that the acetyl group migrates to the nucleus not contain- 
ing hydroxyl group.. This ketone is formed in nearly the same small quantity even in 
migrations under variations of temperatures. It may be mentioned that this ketone is 
not formed when the migration is carried out in nitrobenzene as a solvent. 


COMe COMe 
AS “No. COMe A\N/N on , 7 “Non 
' _—> 
ae a cs \A\4 
(1) (11) (Iii) 


ExPERIMENTAL 


Finely powdered aluminium chloride (24.0 g., 3.3M) and §-naphthyl acetate 
(10.0 g., 1M) were mixed and heated on a water-bath for 1 hour at 60°, hydrochloric 
acid gas being evolved at 55° (CaCl,-guard tube). The reaction mixture was then de- 
composed by ice and cold concentrated HCl (5 c.c.); a pasty mass separated. 
It was washed with cold water and finally subjected to steam-distillation. The steam- 
volatile compound was collected, crystallised from dilute alcohol and _ identified as 
1-acetyl-2-naphthol, m.p. 64°, yield 4.0 g. 

The brown residue in the flask was filtered hot. The filtrate was allowed to cool 
when a pale orange solid separated: It was collected and crystallised from alcohol as 
yellowish needles, m.p. 149-50°. Leonard and Hyson (loc. cit.) record the same m.p. 
The same compound (yield 0.4 g.) was obtained by extracting the brown residue with 
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dilute alkali and acidifying the -filtrate. it was confirmed as 8-acetyl-2-naphthol by 
mixed m.p. with the authentic sample supplied by Prof. Leonard. (Found: C, 77.8; H, 
5.4. Calc. for C,,H,,O.: C, 74.4; H, 5.4 per cent). 

§-Acetyl-2-naphthol does not give any coloration with alcoholic ferric chloride. 
It dissolves in alkali with yellow colour and gives a dark red coloration with concentra- 
ted sulphuric acid which disappears on dilution. 

The above migration at 80°, 100° and 120° gave similar results. 

The acetate, prepared as usual, crystallised from alcohol in needles, m.p. 97-98°. 
(Found: C, 73.6; H, 5.1. C,4H:.0; requires C, 73.7; H, 5.3 percent). The semicar- 
bazone crystallised from alcohol, m.p. 232-33° (decomp.). 

The above migration was carried out using nitrobenzene asa solvent. On working 
up the reaction mixture as before, only 1-acetyl-2-naphthol was obtained. 


The authors express their thanks to the Ministry of Education, Government of 
India for a junior research scholatship to one of them (G. G. J}. 


M. R. Scrence INSTITUTE, 
GUJARAT COLLEGE, 
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CHLORAMINE-B AS A VOLUMETRIC REAGENT. DETERMINATION 
OF SULPHUR COMPOUNDS 


By APAR SINGH 


Chloramine-B in conjunction with KBr in the presence of HCI has been used for the oxidatioa of 
alkali sulphides, thiocyanates, su!phites and bisulphites and H,SO; and sodium thiosulphate and 
tetrathionate respectively. 


Treadwell and Mayr ‘Z. anorg. allgem. Chem., 1915, 92, 127) have reported the 
oxidation of alkali sulphides and alkali thiocyanates with excess broimate-bromide in the 
presence of at least 25% by volume of hydrochloric acid. Mayr and Peyfuss ‘ibid., 1923, 
127, 123) determined sulphurous acid and thiosulphate by the method just given for sul- 
phides, and Kurtenacker and Bittner (ibid., 1925, 142, 119) used this procedure 
for polythionic acids. According to them the oxygen of the air interferes in the oxida- 
tion of sulphurous acid. Hendrixon (J. Amer. Chem. Soc., 1925, 47, 13109, 2156) 
found that the exclusion of oxygen in the titration of sulphurous acid with bromate was 
not sufficient, but that in addition, it was necessary to add a quantity of iodine, equiva- 
lent to at least 1/6 of the sulphite, in order to prevent the formation of dithionic acid. 

In the present investigation chloramine-B in conjunction with KBr in the presence 
of HCI has been used for the oxidation of alkali sulphides, thiocyanates, sulphites, bi- 
sulphites, sulphurous acid, and sodium thiosulphate and tetrathionate respectively. 

Chloramine-B in the presence of potassium bromide and hydrochloric acid reacts 
according to the following equations: 


C,H;SO.N(Na) Cl + 2KBr + 2HC! -—>C,H;SO,NH, + NaCl+2KCi+Br, 
H.S + 4Br, + 4H,0 —> 8HBr + H.SO, 
HCNS + 3Br, + 4H,0 -—>H,SO, + HCN + 6HBr 
Na.SO, + Br, + H.O0 — > Na,S0, + 2HBr 
NaHSO, + Br, + H,0 —» NaHSO, + 2HBr 
SO, + Br, + 2H,O0 -—> H,SOU, + 2HBr 
Na, 8,0; + 4Br, + 5H,0 — > Na,SO, + H,SO, + 8HBr 
Na.S,0, + 7Br, + 10H,0 -> Na,SO, + 3H,S0O, + 144HBr 


ExPERIMENTAL 


The titrations here recorded were carried out in a flask similar to that used by 
Mayr and Peyfuss (loc. cit.). 

A measured sample of the solution was placed in a half litre flask fitted with a 
ground glass stopper carrying a dropping funnel through which it could be evacuated. 
To it were added a known excess of o.1N chloramine-B solution and 2-3 g. of KBr. 
The bottle was evacuated with a suction pump and the stop-cock closed. HCl 
(20-25 ¢.c.) was introduced in the funnel for every 100 c.c. of the solution and allowed to 
flow into the bottle by carefully opening the stop-cock without letting in any air. 
When the solution was distinctly acidic, the stop-cock was closed and contents shaken 
occasionally. The reaction mixture was allowed to stand for 20 to 30 minutes to bring 
about complete oxidation of the sulphur to sulphuric acid. When the solution was 
perfectly clear, the funnel was washed with a little water without letting in air; 
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2-3 g. of KI, dissolved in a small amount of water, was added and the liberated iodine 
titrated with o.1N sodium thiosulphate solution. 

In the case of sulphurous acid, bisulphite, sulphite, thiosulphate etc., the procedure 
was the same as described above except that the acid was added to the chloramine-B and 
excess of KBr and sufficient time was allowed till there was complete reduction of 
chloramine-B. The sulphite solution was then added uutil nearly all the bromine had 
disappeared, after which potassium iodide was added and the titration was completed 
with thiosulphate solution as before. Several titrations were preformed in each case. 
From the volume of chioramine-B used, the amount of each substance was calculated. 

In the following table, the chloramine-B procedure will be referred to as method 
A, the bromate-bromide procedure as B, and I, procedure, as C. 


TABLE I 
Sodium sulphide Potassium sulphocyanide 
Vol. N/10-C.B. Vol. N;1c-C.B. Found. Found. 
taken. used Found. taken. used. 
A. B. A. B. 
10.00 C.C. 5-00 ¢ C. 0.004875 g. 0.994775 g. 10.00 C.¢c. 10.10 ¢.c. 0 01632 g. 0.01616 g. 
22.00 8.00 0.007800 0.007800 13.00 13.05 0 02108 0.02108 
30.00 23.70 0 02310 0 2330 17.90 17.00 0.02748 0.02763 
35-00 27.65 0.02696 0.02700 22.00 22.00 0.03552 9.03552 
1c.c. of N/1o-C.B. = 0.000975 g. Na,S1 ¢.c. of N/10-C.B = 0.001616 g of KCNS 
Poiassium sulphite Sodium bisulphite. 
A. ©. A. Cc. 
10.00 9.20 0.07268 0.07189 8.00 I1 40 0.05928 0.- 5903 
14.00 13.9) 0.1019 0.1002 10.00 14 30 oO 07436 oO 07384 
17.00 15.1 0.11929 0.1185 13.06 18 50 1.09620 0.69599 
20.00 17.70 ).1387 1373 17. 24 30 © 12636 0.12584 
1 ¢.c. of N/10-C.B=0.9079 g. potassium sulphite. 1 ¢.c. of N/10-C.B=o0 0052 g. of sodium bisulphite. 
Sulphurous acid. Sodium thiosu!phate. 
A. - A. A 
10.00 ¢.Cc. 10.10 C.¢. 0.04141 0.04100 g. 10.00 ¢.c. 13.50 ¢.c. 0.04186 g. 0.04140 g. 
14.00 14.00 0.0574 0.0574 15.v0 20.20 © 06262 0.06210 
16.00 16.00 0.0656 0.0656 18.00 24.35 0.07548 0.07482 
21.00 19.20 0.07872 0.07572 22.00 29.40 ).OQI14 0.09108 
27.00 36.50 0.11315 0.1118 


1 c.c. of N/10-C.B.=0 0041 g. sulphurous acid. 1 .c. of N/10-C B.=0,0031 g. of sodium thiosulphate 
Sodium tetrathionate. 


Vol. taken. N/r10-C. B. used. Found. Found. 
A. B. 

8.00 C.c. 14.80 2. 0.02855 g. fe) 02855 g. 
10.09 18.40 0.03549 0.03530 
13.00 23.90 ©.04610 0.04603 
15.00 27-40 0.05285 0.05285 


1 c.c. of N/10-C. B.=0.001929 g. of sodium tetrathionate. 

From the above results it is concluded that chloramine-B in conjunction with 
excess of potassium bromide in the presence of hydrochloric acid reacts quantitatively 
with alkali sulphides, alkali thiocynates, sulphites, bisulphites, sulphurous acid, thio- 
sulphate and tetrathionate respectively. 


CHEMISTRY DEPARTMENT, 
PANJAB UNIVERSITY COLLEGE, 
HOSHIARPUR. Received December 24, 1953. 
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INTERFACIAL TENSION AND COMPLEX FORMATION. PART V 
THE SYSTEM: CuCl,-KCI-H,O 


By Miss Hemuata J. Kazi anp C. M. Desat 


The results obtained indicate the formation of four complexes: 3 KCI.CuCly, 2 KCI.CuCly, 
KCLCuCl, KCl. 2 CuCle. 


The formation of complex anions CuCl,*, HgCl,* and CoCl,* in concentrated solu- 
tions of these metallic chlorides with other chlorides was indicated by viscosity measure- 
ments ‘Yajnik etal., J. Amer. Chem. Soc., 1924, 46, 802). The formation of anions 
CuCl,~ and CuCl,* was shown by magnetic susceptibility measurements (Yajnik et al., 
this Journal, 1942, 19, 356). ‘The formation of CuCl,” ard CoCl,” ions was also shown 
in concentrated solutions of these metal chlorides with other chlorides by other workers 
(Sidwick and Tizard, J]. Chem. Soc., 1908, 98, 187; Donnan and Basset, ibid., 1902, 81, 
939; Watkins and Denham, ibid., to19, 115, 1269 ; Bhagvat, this Journal, 1940, 17, 523 
Getman, J. Phys. Chem., 1922, 26, 217). By the application of the methods of con- 


tinuous variations to the study of absorption spectra of cupric chloride solutions with 
addition of chloride ion the presence of CuCl,” ion was indicated by Moeller (J. Phys. 
Chem., 1944, 48, 111) ; no information has been, however, given as regards the presence 


or absence of other complexes. 

In the present work the interfacial tension measurements of the mixed solutions 
of cupric chloride and potassium chloride with n-butyl acetite have been carried out to 
ascertain the nature and number of molecular species formed between these salts. 


EXPERIMENTAL 


The salts used were of standard quality and crystallised. Four pairs of stock solu- 
tions (M;1, M/4, M/40 and M/4o0o) of CuCl, and KCI each were prepared in distilled 
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water ; 24 c.c. of KCI solutions were poured from a burette into a 100 c.c. measuring 
flask to which definite volumes of CuCl, solutions were added and the total volume 
made up to 1ooc.c. with water. In this way a series of mixed solutions was prepared 
by the method of monovariation from each of the four pairs of the above stock solutions. 
The composition of the mixed solutions and the corresponding interfacial tension 
values are reproduced in Figs. 1 and 2. 

The curves indicate four peaks at points corresponding to 8, 12, 24, 48 c.c. of CuCl, 
solutions, when M/4, M/40 and M/400 solutions are used. The above points represent 
the formation of complexes a, b,c andd in which the stoichiometric ratios between 
KCl and CuCl, are 3:1, 2:1, 1:1 and 1:2 respectively. When, however, M/r solutions 
are used only two peaks appear at points corresponding to 12 and 24c.c. of CuCl, 
solution, thus giving only two complexes b and c (Fig. 2). 
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INTERFACIAL TENSION AND COMPLEX FORMATION. PART VI 


THE SYSTEM: CuCl, -NI",Cl—H,O 
By Miss Hemiata J. Kazi anp C. M. DESAI 


The number of complexes formed between ammonium and cupric chlorides in their mixed solutions 


has been found to vary from four to two. 


In this piper the results obtained on the measurements of interfacial tension with 
n-butyl acetate with the system NH,Cl-CuCl,-H,O have been reported. 


ExPERIMENTAL 


The salts used were of standard quality and recrystallised. Two pairs of stock 
solutions {(M;1 and M/4o0) of CuCl, and NH,Cl each were prepared in distilled water ; 
24 c.c. of NH,Cl were poured from a burette into a 100 c¢c.c. measuring flask to which 
a definite volume of CuCl, solution was added and the total voluine made upto 100 
c.c. with water. In this way a series of mixed solutions was prepared by the method 
of monovariation from each of the two pairs of the above stock solutions. The comp- 
position of the mixed solutions and the corresponding interfacial tension values are 
shown in Fig. 1. 


Fic. 1 
leo 4 C d 
a b 
. 
754 
le 2e 3e 40 5° 
lee i 1 i = J 





CC.0f o CuCl, added to 26CC. He NH, CI. 


1. S .T. (dynes/cm.). 








to 2e Se 4e 
= rY i i 





c.c. of M/1-CuCl, added to 24 c.c. M/1-NH, Cl. 


(a) 3 NH,Cl. CuCh. (c) NH,Cl. CuCh. 
(b) 2 NH,Cl. CuCl. (d) NHI. 2 Cu’ ‘le. 


The curves indicate peaks corresponding to the formation of two and four complexes, 
viz., b,c and a,b,c and d indicated in Fig. 1. These results are similar to those obtained 
with KCl system. 
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INTERFACIAL TENSION AND COMPLEX FORMATION. PART VII. 
THE SYSTEMS: NaCl-CuCl,—H.0 AND LiCl-—CuCl,-H,0 


By Miss HEMLATA J. Kazi AND C. M. DESAI 


Measurements of interfacial tension of n-butyl acetate against mixed solutions of NaCl (or LiCl) 
and CuCl, indicate the formation of two and four complexes with decrease in salt concentration in 


the mixed solutions. 


In this paper the results obtained on the measurements of interfacial tension with 
systems CuCl,—NaCl—H,0 and CuCl, —- LiCl H,0 with a-butyl acetate are presented, 


ExPERIMENTAL 


The salts used were of standard quality. Two pairs of stock solutions M/2 and 
M/4v of NaCl or LiCl each were poured from a burette into a 100 c.c. measuring flask to 
which a requisite volume of CuCl, solution was added and the total vo'ume made up 
to 100 c.c. with water. In the second series, 12 c.c. of NaCl or LiCl were taken and 
a requisite volume of CuCl, was added and the total volume made up to 4goc.c. in a 
flask. In this way a series of mixed solutions was prepared by the monovariation 
method from each of the above pairs of stock solutions. The composition of the mixed 
solutions and the corresponding interfacial tension values are shown in Figs. 1 and 2. 

The results, obtained with these systems, are similar to those obtained with such 
potassium and ammonium chloride systems, with respect to the number of complexes 
and their molecular composition. ‘Two and four complexes appear to be favoured with 
decreasing extent of salt concefiffations in mixed solutions. They are (i) b, c, and 
(ji) a, b, c, d, as indicated in Figs. 1 and 2. 
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VISCOSITY OF SOME COMPLEX SALTS IN AQUEOUS. SOLUTION 
AT 35°. PART I 


By P. K. Das 


Viscosity and conductance of aqueous solutions of (1) hexamine cobaltic chloride, (2) tris-ethylene- 
diamine cobaltic chloride and (3) hexamine cobaltic nitrate were measured at 35° With respect to 
viscosity the Jones and Dole equation was found to be applicable. ‘The values of ‘A’ found are 0.0256 
(0.0226), 0.0338 (0.0276) and o 0270 (0 0231) respectively. ‘The values of ‘A’, calculated from Falkenhagen 
and Vernon's equation, are given above in parenthesis. ‘The ionic conductance of hexamine cobaltic ion 
is found to be 121.5 mhos and that of tris-ethylene cobaltic ion, 91.5 mhos at 35°. 


No data on the viscosity of tri-monovalent electrolyte except in case of lanthanum 
chloride (Jones and Stauffer, J. Amer. Chem. Soc., 1940, 62, 338) have been found in 
literature. To avoid complications arising out of hydrolysis, complex tri-monovalent 
salts, the px value of which is not very low, have been selected for the study, 


EXPERIMENTAL 


Hexamine cobaltic chloride was prepared and purified by the method of Bjerrum 
and Reynolds (‘‘Inorganic Synthesis’, McGraw Hill, 1946, Vol. II, Chap. 8) and 
was dried to a constant weight over P,Q; in vacuum. A stock solution was made 
by weight. Other solutions were made by diluting the stock solution. All these 
solutions had a py of 6.0. 

tris-Ethylenediamine cobaitic chloride was prepared and purified by Work’s method 
(“Inorganic Synthesis,’’ Vol. II, Chap. 8) and dried at 50°-60° in vacuum. The salt 
is slightly hygroscopic. So stock solutions were made and the chloride content was 
estimated gravimetrically (Vogel, ‘‘Quantitative Analysis’, p. 576). All solutions were 
made by diluting the stock solution. The solutions had a px of 6.2. 


Hexamine cobaltic nitrate was prepared by Blitz’s method (Mellor, ‘‘Comprehensive 
Treatise on Inorganic and Theoretical Chemistry’’, Vol. XIV, p. 831), and purified 
by precipitation with alcohol and dried at S0° in vacuum. Stock solutions were 
prepared by weight. Other solutions were prepared by diluting the stock solution. 
The solutions had a px of about 5.8. 

All px measurements were made with a Marconi psu meter. The solutions used 
were never older than a week. The pa of none of the solutions of the three salts 
changed during the week. 

Triple distilled water was used in making the solutions. An electrically heated 
thermostat, whose temperature (35° + 0.005) was controlled by an electronic relay, 
was used. The experimental procedure was the same as given by Srinivasan and 
Prasad (Trans. Faraday Soc., 1938, 34, 1139), except that two viscometers were mounted 
side by side on two stands in the thermostat and instead of relying on direct measure- 
ments with either of the viscometers, the principle of differential viscometry was used. 
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The following were the dimensions of the two viscometers: length of the capillary 
tube ({10.5cm., 10.4cm.), diameter (0.32 mm., 0.32 mm.), average hydrostatic head 
(12.8 cm., 12.5 cm), Reynolds number (20, 21), time of efflux of water (1679.7 seconds 
and 1680.2 seconds’. The first set of figures refers to one of the viscometers and the second 
set to the other one. The ratio of the times of efflux of water in the two visco- 
meters, when the two viscometers were started in quick succession, did not differ by 
more than 5 in 100,000. This proves that the mounting is reproducible. For 
differential viscometry, one of the viscometers was filled with water and other with the 
solution. ‘The time of efflux of water in the viscometer containing the solution was 
computed from the above ratio. Three readings, each in case of solution and pure 
water never differing from one another by o.10 second, were taken. Density readings 
were measured with a 100 c.c,. pyknometcr and the error was within § in a million. 
Relative viscosity was calculated as usual. Results are recorded in Table I. 

It was necessary to determine the ionic conductance of [Co(NH;),]** and 
[Cofen);]** at 35° in order to calculate the value of ‘A’ irom Falkenhagen and 
Vernon’s equation (Physikal. Z., 1932, 33, 14v). For this purpose a Leeds-Northrup 
Shakleton bridge was used and conductance was measured with an accuracy of 1 in 
1000. Results are shown in Table II. 


TABLE I 
[Co(NHs5)¢ !Cl3. [Co (en) JCI, [| Co(NH4)¢ | (NO¥).. 
a \ pot i] iit. ite - 7 , ais i 
= 1+0.0256VC +0.242 C. - 1+0.0338 VC +0.513 ¢ = 1+0.0270 WC +9.421 € 

no UT) m 

Conc. (Exp.). (Comp.). Conc (Exp.). (Comp.) Cconc (Exp.) (Comp.) 
0.0022 1.00034 1 00037 0.0002 1.0005} 1.00050 0.0002 1 00041 1.00041 
0.0004 1.00058 1.00057 0.0004 1.00075 ¥.00073 0.0004 1.00064 1.09063 
0.0006 1.00051 1.00061 0.0006 1.00099 1.00009 0.0006 1.00082 1.00082 
0.0008 1.00085 1.09085 0.0008 1.00119 i.OO1I9 0.0008 1.000: 9 1.00099 
0.0010 1.00091 1.00092 0.0010 1.00140 1.00140 0.0010 1.00116 I.00II5 
0.0016 I.00131 1.00131 0.0016 1.00192 1.00193 0.0016 I.00159 1.00160 
0.0020 1.00151 1.00152 0,0020 1.00225 1.00226 0.0020 1.00187 1.00187 
0.0032 1.¢0216 1.00210 0.0032 1.00321 1.00320 0 0032 1.00265 1.00265 
0.0040 1.00244 1.00244 0.0040 1.00385 1.00384 0.€049 1.00315 1.00314 
0.0048 1.00279 1.00279 0.0048 1.00436 1.00437 0.0048 1.00362 1.00363 
© 0055 1.00307 1.00 367 0.0055 1.00486 1.09485 0.0055 1.00403 1.00401 
0.0060 1.00326 1.00325 0.9064 1.00549 1.0¢ 548 © 0064 I 00454 I 00456 
0.0064 1.00349 1.00341 0.0075 1.00621 1.0.622 0.9075 1.00514 I 00515 
0.0070 1.00366 1.015366 0 0080 1.00655 1.010655 0.0080 1 00541 1.00542 
0.0075 1.00382 1.00384 0.0100 1.00785 1.03787 0.0100 1.0°651 1.00652 


0.0080 T.00403 1.00403 
-00478 1.00478 


0.0100 


oa 
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TABLE II 

[Co(NH3'g]Cls. [| Cofen); JCI. [Co(NH3)¢](NO3)3. 
Conc. A. Conc A. Conc. A. 
0.0001 212.8 0.0001 182.4 0.0001 206.0 
0.0902 211.74 0.0902 181.1 0.0002 205.3 
0.0094 210.75 0.0004 179.7 0.0004 204.6 
0 0006 210.0 0.0006 178.8 0.0000 204.1 
0.0008 209.4 0.0908 178.1 0.0008 203.6 
0.0009 299.0 0.0009 177-5 0.0009 203.4 
0.0000 213.8 ©.0000 183-75 0.0000 192 8 

1,=121.5 1,=91.5 1,=121.5 


The zero concentration figures have been obtained by extrapolation. Concentration in both the 
tables is expressed in g. moles per litre. 


The experimental values of ‘A’ and ‘B’ for the electrolytes were obtained by plotting 


(: -1)/ ve against Vc. 


The iouic conductance of the cations was calculated from the observed data with a 
knowledge of the ionic conductance of the chloride ion at 35° (Gunning and Gordon, 
J. Chem. Phys., 1942, 10, 126), and of the nitrate ion at 25° (Harned and Owen, 
“Physical Chemistry’, p. 172) and its temperature coefficient. 

Tke computed and the experimental values of ‘A’ and the experimental values of 
‘B’ for the various salts are given below. 


TABLE ILI 


Salt. ‘A P expt. ‘A . comptd. ‘B’ expt. 
Co(NHs)¢ Cl; 0.0256 4 0.0226 0.2420 
Co(en)3 Cl; 0 0338 0.0276 0.5130 
Co(NH3)¢ (NO 3); 0.0270 0.0231 0.4210 
LaCl, 0.0304 , 0.0280 0.5670 


The experimental value of ‘A’ in the case of the three salts as well as in the case 
of lanthanum chloride (loc. cit.}, though of the same order, is always higher than the 
theoretical value. The high value of ‘B’ at even very low concentrations in the case of 


tri-monovalent salts may be due to incomplete dissociation of the salts. 
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CRITICAL TEMPERATURE OF NORMAL PARAFFINS 
By YATENDRA Pat VARSHNI AND SURENDRA NATH SRIVASTAVA 


The formula suggested in a previous paper for the boiling points of normal paraffins is shown to 


hold also for the critical temperatures of paraffins after propane. 


In an earlier communication (Varshni, this Journal, 1951, 28, 535) an empirical 
formula for the boiling points of the normal paraffins was suggested. 


It is proposed to show now that the same formula also hoids for the critical tem- 


peratures of the normal paraffins afier propane. The formuia suggested was 


where n is the number of carbon atoms. 
For the critical temperatures 





T. = jo + 30400 
I + 0.0006374n" 

It will be noted, that while for boiling points the constant B was negative, for the 
critical temperatures, it is positive. The observed and the calculated values are recorded 
in Table I. 

TABLE I 


No. of C Paraffin. Te Error. No. of C Paraffin. Te Error. 


atoms. a, atoms. ~-— 
obs. _cale. obs calc. 


Butane 426.2 430-0 +3.8 Dodecene 663.8 664.3 +0.5 
Pentane 470.4 469.1 —1.3 : Tridecane 6$3.2 684.1 +0.9 
Hexane 508.9 504.7 —3.3 Tetradecane 701.0 702.8 +1.8 
Heptane 540.0 537-0 —3.0 Pentadecane 717.6 719.6 ‘+2.0 
Octane 569.4 566.6 —2.8 Hexadecane 734-3 735-3 +1.0 
Nonane 595-4 594.1 —1.3 Heptadecane 749.3 749. +0.6 
Decane 619.3 619.3 0.0 8 Octadecare 763.2 763.2 0.0 
Undecane 642.6 642.6 0.0 19 Nonadecane 776.0 775-6 —0.4 


The differences between the calculated and the observed values are lower than 1%, 
in most cases they are well below 0.5%. There are wide divergences between the obser- 
ed and the calculated values of methane, ethane and propane. However, that is not 
important for estimating T. for the higher paraffins. 

The authors are thankful to Dr. K. Majumdar and Dr. R. D. Tewari for their 
interest in the investigation, and to Mr. S. Kumar for his assistance in the preparation 
of the manuscript. 
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STUDIES IN FRIEDEL-CRAFTS REACTION. PART II. INTERMOLE- 
CULAR CONDENSATION OF ANISOLE WITH METHYL 2-METHYL. 
2-CARBOMETHOXY-cycloHEX-5-EN-1-ONE-6-ACETATE * 


By Pasupati Sen Guptat anp Bripyut KAMAL BHATTACHARYYA 


The condensation of anisole with methyl 2-methyl-2-carbomethoxy-cyclohex-5-en-1-one-6-acetate in 
presence of anhydrous aluminium chloride furnished methyl 1-keto-2-methyl-2-carbomethoxy-s5-(p- 
methoxyphenyl)-cyclohexane-6-acetate, the constitution of which had been established by its conversion 
into 1-keto-2-methyl-5-(p-mcthoxyphenyi)- cyclohexane-6-acetic acid. 


With a view to preparing compounds which might be conveniently utilised for 
the synthesis ot oestrone and related substances, a study of the Friedel-Crafts reaction 
between an aromatic compound and an «8-unsaturated ketone has been undertaken for 


a number of years. 
Nenitzescu and Gavat (Annalen, 1935, 519, 260) observed the migration of aryl 


group during the condensation of cyclohexene, acetyl chloride and benzene in presence 
of aluminium chloride, leading to the formation of 4-phenyihexahydroacetophenone. 
Gutsche and Johnson (J. Amer. Chem. Soc., 1945, 67, 1046 ; 1946,.68, 2239) repeated 
the work of the above authors and isolated besides 4-phenylhexahydroacetophenone, 
another isomer, 2-phenylhexahydroacetophenone, in poor yield. On the basis of the 


above observations together with the contradictory results obtained by Ghosh (Science & 
Culture, 1935, 1, 299) and Cook and Goulden (J. Chem. Soc., 1937, 1559) the American 
investigators suggested that a slight change of conditions of reaction might lead to 
entirely different products. In agreement with the observations of Fuson et al. (J. 
Amer. Chem. Soc., 1934, 56, 1241, 2103) it has been shown in our previous communica- 
tion (this Journal, 1949, 26, 206) that the condensation of anisole with 2-methy]l-2- 
carboethoxy-cyclonex-5-en-1-one in presence of anhydrous AICI, leads to the formation 
of 2-methyl-2-carboethoxy-5-phenyl-yclohexanone in which the anisyl group is attached 
to the 8-carbon atom with respect to the carbonyl group. In the present paper, the 
synthesis of methyl 1-keto-2-methyl-2-carbomethoxy-5-{ p-methoxypheny1)-cyclohexane- 
6-acetate has been described. The preparation of the above compound has been 
reported by Johnson and Christiansen (J. Amer. Chem. Soc., 1951, 78, 5511 ; cf. Turner, 
ibid., 1951, 78, 1284, 3017) by a different method and these workers have utilised 
the product for the synthesis. of natural oestrone. 

The condensation of anisole with methy! 2-methyl-2-carbomethoxy-cyclohex-5-en- 
1-one-6-acetate (I) was carried out in presence of anhydrous AICI, {Dippy and Palluel, J. 
Chem. Soc., 1951, 14:5) and dry HCI below 5°. ‘The reaction product (II, R,=CO, Me; 
R, = Me), obtained as a glass, was hydrolysed and decarboxylated with aqueous 
KOH solution to yield a gummy acidic product, 80% of which could be separated by 
fractional crystallisation in two isomeric crystalline solids of m.p. 203° (A) and 135° (B). 

* A preliminary nute appeared in Nature 1952, 170, 710 
+ National Council of Education, Bengal—Research Assistant Abstracted from a part of doctora 
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The identity of the acid (B) as 2-methyl]-5-(p-methoxyphenyl)-cyclohexanone-6 
acetic acid (II, R, = R, = H) was established by comparison with an authentic sample, 
kindly supplied by Dr. Johnson. The acid (A) on treatment with HBr and acetic 
acids furnished a crystalline solid in poor yield, the rest of the material being brown 
glass. The new praduct was insoluble in warm aqueous sodium bicarbonate, but, 
dissolved in aqueous alkali from which it could be regenerated on acidification. This 
behaviour could be reconciled better with a y-lactone structure as indicated in (III) 
than either with an enol lactone or with an ~$-unsaturated y-lactone (Linstead et al., 
ibid,, 1950, 2213, et seq). The structure (III: for this compound with a double bond 
in conjugation with an aromatic nucleus is supported by its ultraviolet absorption 
spectra (Amax, 275 mf ; log ¢, 4.00). The acid (B) also on a similar treatment furnished 
the same lactone {III). This shows that the acid (A) do2s possess the same structure 
(II, R, = R, = H) as acid ‘B), but differs only in the stereochemical configuration 
at the asymmetric centres indicated by the asterisks. The cyclisation of the acid (B) 
through its acid chloride with the help of AIC!, gave a crystalline product, presumably 
(IV). 





Me Me Me 
“\|—CO.. /N|_R “| 
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AS HC—C=0 
(I) MeO (II) MeQ (TIT) 
Me Me Me 
( ( (-) 
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MeO I MeO MeQ 
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In order to provide additional evidence in favour of the proposed structure of the 
condensation product, the gummy acidic product, obtained after the treatment of (II, 
R,= CO,Me; R: = Me) with alkali, followed by the separation of the isomer (B), was 
esterified. The resulting ester (II, R,x=H ; R,=Me) was reduced with Al-isopropoxide 
and hydrolysed directly to the lactone (V). The latter was next converted into the 
unsaturated ester (VI) which on treatment with either 30% Pd-charcoal or sulphu 
did not furnish any solid biphenyl derivative. It should be noted in this connection 
that a similar treatment of methyl 4-methyl-1-(p-methoxypheny])-cyclohexene-2-acetate, 
prepared according to the method of Chatterjee (this Journal, i935, 12, 591 ; 1036, 18, 
593), as outlined below, also did not yield any solid product. 
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Next, the crude acidic mixture (II, R, = R, = H) was cyclised to yie!ld the dike- 
tone (IV) which was subjected to Se-dehydrogenation ; 2-methylphenanthrene was 
isolated as its picrate in extremely poor yield. ‘The picrate was decomposed and the 
resulting 2-methylphenanthrene was identified by comparison with an authentic sample 
(Sen Gupta and Bhattacharyya, ibid., 1950, 27, 574). 


The unsaturated keto-ester (I) was prepared by the following method. 


CO,Et Py, Me 
fi Tt: | tel. i 
| CH,.CO,E: Re [Rs —CO.Me 
—_—_ j | 
ON CO,R CO.R COR /\W& VA, 
O > Ri ae /\| O 


CH,.CO,R, Br CH,.CO,Me 
(X) 
(XI) (XII) 


Kthyl 2-carboethoxy-cyclohexanone-2-acetate (Chatterjee, loc. cit.) was converted 
into ethyl hexane-1:2 :6-tricarboxylate by refluxing with sodium ethoxide. The latter 
was saponified to the crystailine tribasic acid which was esterified to the methyl 
ester. This ester (X, R = Me) was cyclised to the A-keto-ester (XI, R, = Rg = H; 
R, = CO,Me; Rs = Me) with sodium dust under nitrogen. Although the metbyla- 
tion of the latter compound with MeI and Na dust did not furnish a product free of 
ferric reaction, completely methylated product could, however, be obtained by treating 
directly the crude Dieckmann condensation product in situ with an excess of Mel first 
in the cold and then at the reflux temperature. The crystalline bromo compound 
(XII), obtained by the bromination of XI (R, = R; = Me; R, = CO,Me; R, = H), 
was smoothly dehydro-brominated with dimethyianiline. To ascertain the position 
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of the ethylenic linkage, thus formed, the product was treated with hydrogen cyanide, 
following the procedure of Chakravarty and Banerjee (ibid., 10946, 28, 377; cf. 
Mukharji, ibid , 1948, 25, 365) to furnish (XI, R,=R,=Me; R,=CO.Me; R,=CN). 
This on hydrolysis and decarboxylation, followed by purification through its ester (X1, 
R,=R,;=Me; R,=H; R, = CO;Me) and saponification, yielded 2-methyl-5-carboxy- 
cyclohexanone-6-acetic acid as a crystalline material. The analysis and equivalent 
weight determination of the acid supported the structure (XI, R,=Me; R,=R,;=H; 
R,=CO,H). 

In view of the good yield in each step, the present method of preparation of the 
key intermediate (II, R, =CO,Me; R,=Me) in the synthesis of oestrone appears to be an 
attractive one and the recent conversion of the former into the latter by Johnson and 
Christiansen (loc.cit.) makes further work in this line unnecessary. 


ExPERIMENTAL 


Methyl Hexane-1 :2:6-tricarboxylate (X, R=Me)}.—(a). Ethyl 2-carboethoxy-cyclo- 
hexanone-2-acetate (67 g.) was added to a solution of sodium ethoxide, prepared from 
sodium (1.2 g.) and absolute ethanol (15.2 c.c.), and the reaction mixture was heated 
on the water-bath for 3 hours, when it turned dark brown. It was acidified with iced 
dilute sulphuric acid and the precipitated oil was extracted with ether. ‘The ethereal 
layer was washed with sodium carbonate solution, followed by water, and dried over 
anhydrous sodium sulphate. The residue, obtained after removal of the ether, was dis- 
tilled, b.p. 170°-175°/4 mm., yield 66. g. This was hydrolysed by refluxing with a 
mixture of HCI (conc., 200 c.c.) and water (200 c.c.) for 18 hours: The clear solution 
was evaporated on the water-bath and a gummy product was obtained. The crude 
acidic material was dissolved in dilute HCl from which crystals separated out. It was 
recrystallised from the same solvent, m.p. 94-96°. (Found: C, 47.50; H, 6.39. CoH,.O, 
requires C, 409.53; H, 6.47 percent). The crude gummy acid obtained above was es- 
terified with methanol (150 c.c.) and H,SO, (conc., 21 c.c.! by refluxing for 48 hours. 
The ‘ester was worked up in the usual way and distilled at 155°-160°/2 mm., yield 
38.4 g. (Found: C, 55.05; H, 7.78. C,,H2.0. requires C, 55.37; H, 7.75 per cent). 

(b). The substituted 8-keto-ester (90 g.) was opened up as above. ‘To the cooled 
reaction mixture was added a solution of KOH (155 g.) in methanol {465 c.c.). It was 
then refluxed for 5 hours. The solvent was removed under reduced pressure and the 
solid: potassium salt was decomposed with iced HCl. : The liberated acid was exhaus- 
tively extracted with ether and the tricarboxylic acid, obtained after removal of the 
ether, was esterified and worked up as above; yield 72 g. 

Methyl 2-Carbomethoxy-cyclohexanone-6-acetate (XI, R,=R,=H ; R,=CO,Me ; 
R;=Me).—The above trimethyl ester (70 g.) was added to a suspension of sodium dust 
{11.2 g.) in benzene (300c.c.!.. After addition of two drops of methanol the reaction 
mixture was refluxed for 3 hours in an atmosphere of nitrogen. The sodio enolate was 
decomposed with iced dilute HCl. The benzene layer was separated and washed free 
of acid with water. The 8-keto-ester, obtained after removal of benzene, was distilled, 
b.p. 140°-145°/3-4 mm., yield 52 g. It produced a deep violet coloration with an 
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alcoholic solution of ferric chloride. (Found: C, 57.53; H, 7.25. Ci:Hi.O,; requires 
C, 57.80; H, 7.07 per cent). 

Methyl 2-Methyl-2-carbomethoxy-cyclohexanone-6-acetate ‘XI, R,=R,;=Me; 
R,=CO,Me ; R,=H).—The trimethyl ester (80 g.) was cyclised as above. After the 
reaction was complete, the brown reaction mixture was cooled for 30 minutes in an ice- 
salt bath and then treated with Mel (60 c.c.) all at once. It was swirled occasionally 
and allowed to stand overnight. ‘To the viscous reaction mixture was added a further 
quantity of Mel (20c.c.) and then refluxed for 6 hours. The reaction mixture was 
cooled and then organic layer was washed thoroughly with water. The solvent was 
removed and the methylated product, free of ferric reaction, was distilled, b.p. 130°- 
135°/1 mm., mp**, 1.4649; yield 64g. (Found: C, 59.77; H, 7.73. CisHisOs requires 
C, 59-48; H, 7.49 per cent). 

Methyl 2-Methyl-2-carbomethoxy-6-bromo-cyclohexanone-6-acetate (XII).—To a 
solution of the above substituted $-keto-ester ‘40 g.) in dry carbon tetrachloride (32 ml.), 
cooled in ice water, was added with shaking a solution of bromine ‘9 c.c) in CCl, (4 cc.) 
at such a rate that the temperature remained below 5°. After completion of the 
addition of bromine the straw-yellow solution was allowed to stand for 15 minutes, and 
then the solvent and HBr were removed under suction (water-pump) at 50°-55°. The 
residual heavy oil was dissolved in dry petroleum ether (b.p. 40°-60°) when the bromo 
compound crystallised out immediately, m.p. 90-92°, yield 42 g. On recrystallisation 
from the same solvent it melted at 94-95°. (Found: Br, 25.04. C,,:H,,O;Br requires 
Br, 24.88 per cent). 


Methyl 2-Methyl-2-carbomethoxy-cyclohex-5-enone-6-acetate (I).—The above bro- 
mo-ester (36 g.) was heated for 30 minutes with dimethylaniline (36 c.c.) in an 
oil-bath at 150°-160°. The reaction mixture was rapidly cooled and treated with iced 
dilute HCl. The precipitated oil was extracted with ether and the ethereal layer was 
washed with cold dilute HCI, followed by water, dilute NaHCO, solution and water. 
The ethereal solution was dried over anhydrous sodium sulphate and distilled, b.p. 
136°-140°/2-2.5 mm., Mo, 1.5141; Amax, 235 my (log ¢, 3.8) ing5% ethanol; yield a1 g. 
(Found: C, 60.40; H, 7.12. C:2H,.O; requires C, 59.98; H, 6.71 per cent). 

Methyl 2-Methyl-2-carbomethoxy-5-cyano-cyclohexanone-6-acetate (XI, R,=R,= 
Me;R,=CO,Me; Rs,=CN).—To a solution of the above unsaturated keto-ester (I, 10.5 g.) 
in rectified spirit (5 c.c.), cooled in a freezing mixture, was slowly added with shaking 
a cold solution of KCN (7.5 g.) in water (14 c.c.}. After keeping the solution in the 
ice-salt bath for 30 minutes, glacial acetic acid (3.4 c.c.) was added with shaking from 
a dropping funnel with its end dipping below the surface of the liquid. It was allowed 
to stand overnight and then poured into water. The precipitated oil was extracted 
with ether and the organic layer was washed with water and dried over anhydrous 
sodium sulphate. After removal of the solvent the residue was fractionated, b.p. 
195°/6 mm., yield 4.5 g. (Found: N, 4.96. C,;Hi,0,N requires N, 5.24 per cent), 

Methyl 2-Methyl-5-carbomethoxy-cyclohexanone-6-acetate (XI, R,=R;=Me; 
R,=H; R,=CO,Me).—The above compound ‘XI, R,=R,;=Me; R.=CO,Me; R,=CN; 
4s2 g.) was hydrolysed and decarboxylated by refluxing for 36 hours with HC! (conc., 
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25.c.c.). The clear solution was evaporated on the water-bath and the gummy nitrogen- 
free product, thus obtained, was esterified with absolute methanol (20 c.c.) and H,SO, 
(conc., 3 c.c.) by refluxing for 30 hours. The ester was worked up as usual and distilled, 
b.p. 160°/6 mm., yield 2.6 g. (Found: C, 59.08; H, 7.65. Ci2H,sO; requires C, 59.48; 
H, 7.49 per cent). 

2-Methyl-5-carboxy-cyclohexanone-6-acetic Acid (XI, R,=Me; R,=R;=H; 
R,=CO,H).—The above dimethyl ester (2 g.) was refluxed for 3 hours with a solution 
of KOH (1.5 g.) in methanol ‘10 c.c.)._ The alcohol was r2moved under reduced pressure 
and the solid potassium salt was acidified with iced HCl. The acidic solution was again 
evaporated to dryness and the solid residue, thus obtained, was extracted with a large 
volume of chloroform. On concentration of the chloroform soiution the dibasic acid 
crystallised out, m.p. 167-68°; on recrystallisation from the same solvent the pure acid 
melted at 169°, yield 1.1 g. (Found: C, 56.22; H, 6.83; nmeut. equiv., 111.5. C,.H,,0; 
requires C, 56.07; H, 6.59 per cent. Neut equiv., 107.10). 

Methyl 1-Keto-2-methyl-2-carbomethoxy-5-\p-methoxyphenyl)-cyclohexane-6-acetate 

(II, R,=CO,Me ; R. = Me).—A well stirred cold solution of the keto-ester ‘I, 
30.3 g.) in anisole ‘100 c.c.} was saturated with dry HCl. Finely powdered anhy- 
drous AICI, (38.2 g.) was then added to the stirred solution during a period of 45 
ininutes. The cooling bath was removed and the reaction mixture was allowed 
to warm up slightly when the last traces of AiCl, dissolved. It was again cooled 
and stirred for 6 hours at o’-5° in a slow stream of HCl. The red viscous reaction 
mixture, after allowing it t, stand overnight at room temperature, was decomposed by 
pouring into iced HCl ‘conc.). The precipitated oil was extracted with ether and the 
ethereal layer was washed with water, 5% ice-cold NaOH solution and finally with water. 
After removal of the ether and anisole the residue was distilled, b.p. 210°-215°/4 mm., 
yield 18g. (Found: C, 65.71; H, 6.74. CisH2s0¢ requires C, 65.49; H, 6.94 per cent). 
1-Keto-2-methyl-5-(p-methoxyphenyl)-cyciohexane-6-acetic Acid (II, R,=R,=H).— 
The above condensation product (II, R,x=CO.,Me; R,=Me; 14g.) was refluxed for 18 
hours with a solution of KOH (rq g.) in water {90 e.c.). The aqueous solution, after 
extraction with ether, was acidified with iced HCi when the solid precipitate appeared, 
but gradually it turned gummy as the temperature rose to 28°. 

Isomer (A).—The crude acidic product was diss»lved in ether and on standing for 
a short time the acid of m.p. 192-204° {0.72 g.) separated out. On recrystallisation from 
dilute methanol it meited at 208°. (Found: C, 69.20; H, 6.96. CysH2.O, requires C, 
69.55; H, 7.30 per cent). 

Isomer (B).—The mother-liquor after separation of the above isomer was evaporated 
and the residue was dissolved in petroleum ether (b.p. 60°-80°) when crystals separated 
out on cooling, m.p. 135° (4.9 g.). The m.p. of this isomer remained undepressed on 
admixture with an authentic specimen of 1-keto-2-methyl-5-(p-methoxyphenyl)-cyclo- 
hexanon2-6-acetic acid. (Found: C, 69.04; H, 7.67. CieHaO, requires C, 69.55; H, 
7.30 per cent). 

Lactone of 2-Hydroxy-3-methyl-6-(p-methoxyphenyl}-cyclohex-6-ene-1-acetic Acid 
(III).—(a). The isomer (B, 0.7 g.) was refluxed in an oil-bath with a mixture of 48% 
HBr ‘7 c.c.) and glacial acetic acid ‘7 c.c.) for 2 hours. The volatile acids were removed 
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under suction and the residue, thus obtained, was dissolved in dilute methanol from 
which crystals (0.04 g.) came out on standing, m.p. 192-202°. It was recrystallised 
from the same solvent, m.p. 206°. It is insoluble in warm NaHCO,, but soluble in 
ice-cold 5% NaOH solution from which it can regenerated unchanged on acidification. 
Furthermore, an ethereal solution of diazomethane has no action on it ; Amax, 275 mp 
(log ¢, 4.00). (Found: C, 74.18; H, 6.66; OMe, 11.6. C,¢HisO,; requires C, 74.40; 
H, 7.02; OMe, 12.01 per cent). 

(b). The isomer (A, 0.5 g.) was treated as above and the product of m.p. 198-204° 
(0.05 g.) was crystallised, m.p. 206° which showed no depression of the mp. 
when mixed with the above lactone. 

2-Methyl-7-methoxy-1:2:3:4:4a.9:10:10a-octahydrophenanthrene-1:9-dione (IV).—To 
a solution of the isomer ‘A, 1.1 g.)} in dry ether (20 c.c.) was added thionyl chloride 
(0.5 c.c.), followed by two drops of pyridine. It was allowed to stand for 30 minutes at the 
room temperature with occasional swirling, and then refluxed for 30 minutes, followed 
by removal of volatile materials under suction. Toa solution of the acid chloride, thus 
obtained, in benzene (20 c.c.) was added anyhydrous AICI, (0.6 g.) within a_ period 
of 10 minutes while the reaction mixture was stirred and kept at o°-5°. ‘The stirring 
was continued for further 4 hofirs and the temperature of the reaction mixture was 
allowed to attain the room temperature. It was treated with iced HCl and the benzene 
layer was washed thoroughly with 5% KOH solution and, then with water. After 
removal of the benzene the residue was distilled, b.p. 195°-200°/3.5 mm.., to furnish a 
viscous gum (0.7 g.) which gave a crystalline solid (0.3 g.) from methanol, m.p. 129°. 
This product remained unchanged on heating on the water-bath with a solution of 
10% KOH for 4 heurs. (Found: C, 74.38; H,7.28. CiesH,sOs requires C, 74.40; H, 
7.02 per cent). 

Methyl 1-k eto-2-methyl-5-(p-methoxyphenyl)-cyclohexane-6-acetate (II, R, = H; 
R,=Me).—The compound (II, R,x=CO,Me; R,=Me; 18 g.) was hydrolysed and decar- 
boxylated as described before, and the crude acid, obtained after sepatation of the 
isomer (A), was esterified with a mixture of methanol (7oc.c.) and H,SO, (d 1.84, 
4.2 ¢.c.) by refluxing for 16 hours. The ester was worked up and distilled, b.p. 
195-96°/5-6 mm., yield 13.6g. (Found: C, 70.58; H, 7.32. CirH220, requires C, 
70.31; H, 7.64 der cent). 

Lactone of 2-Hydroxy-3-melhyl-6-'p-methoxyphenyl}-cyclohexane - 1 - acetic Acid 
(V).—A mixture of the above oily keto-ester (28 g.), aluminium isopropoxide (28 g.) 
and isopropy] alcohol (60c¢.c.) was refluxed for 7 hours in an oil-bath (170°-180°). 
The condenser was then replaced by a Hahn condenser (““Org. Syn.’’, 1947, Vol. LI, p. 
(97) and the solution was heated in such a manner that 4 to 6 drops of the distillate were 

collected per minute. After 5 hours the distiilate did not respond to the test for acetone. 
This operation was continued for another 2 hours with the addition of isopropyl! alcohol 
(20 c.c.!. After removal of most of the alcohol by distillation, the residue in the 
flask was treated with ice-cold 10% H,SO,. The precipitated oil was extracted with 
ether and the residue, obtained after removal of the ether, was heated to boiling for 4 
hours with a solution of KOH (8 g.) in methanol (80 c.c.). The salt, obtained after 
removal of the alcohol, was dissolved in water and acidified with iced HCi. The preci- 
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pitated oil was extracted with ether and the organic layer was washed with a saturated 
solution of NaHCO;, water, and dried over anhydrous sodium sulphate. The solvent 
was removed and the residue was distilled, b.p. 180°-185°/5 mm., yield 6.8 g. (Found: 
C, 73.513 H, 8.01. CyeH. Os requires C, 73.82; H, 7-75 per cent). 

Methyl 3-Methyl-6-(p-methoxyphenyl)-tetrahydrophenyl-1-acetate (VI).—The solu- 
tion of the above lactone (2 g.) in the required amount of aqueous alkali was treated 
with an aqueous silver nitrate solution, when the solid silver salt precipitated out. It 
was filtered, dried and refluxed for 5 hours in a suspension of benzene {20 c.c.) with 
Mel (5 c.c.). The volatile materials were evaporated off and the residue left was heated 
with freshly fused’ KHSU, ‘4 g.) at 150°-160° for 1 hour. The reaction mixture was 
cooled and treated with water. The precipitated oil was extracted-with ether and the 
ethereal layer was washed with 5% NaOH solution and then with water, The ethereal 
solution was dried over anydrous sodium sulphate and then distilled, b.p. 175°/6 mm., 
yield 1g. (Found: C, 74.22; H, 8.04. Ca,H22V0s requires C, 74.40; H, 8.08 
per cent). 

The unsaturated ester (0.5 g.) was heated with 30% Pd-charcoal at 280°-300°, when 
almost the theoretical amount of the gas was evolved during 2 hours, but, the reaction 
product did not give any solid material even on saponification. ‘The compound (VI, 
0.8 g.) was heated with sulphur (0.2 g.) at 250°-270° and the evolution of the gas ceased 
after 14 hours; unfortunately no solid could be isolated even in this case. 

Methyl 3-Methyl-6-(p-methoxyphenyl)-cyclohex-6-ene-1-acetate (IX).—To a solu- 
tion of ethyl 4-methylcyclohexanone-2-acetate (20 g.) in dry ether (70 c.c.), cooled 
below 10°, was added slowly a solution of the Grignard reagent, prepared from magne- 
sium (2.4 g.) and p-bromoanisole (18.7 g.) in dry ether (70 c.c.) while the reaction 
mixture was stirred. The reaction mixture was left overnight and then decomposed 
with iced HCl. The lactone (VIII) was extracted from the ethereal layer with 5% 
NaOH solution. The ethereal solution was then washed with water and dried over 
anhydrous sodium sulphate. On removal of the ether, the residue was fractionated to 
obtain the hydroxy-ester (VII), b.p. 165°-170°/2-3 mm., yield 2.2 g. (Found: C, 71.09; 
H, 7.94. C.sHo.0, requires C, 70.55; H, 8.56 per cent). 


The alkaline washing was acidified and the precipitated oil was worked up as before 
and distilled, .b.p. 170°/4 mm., yield 0.8 g. ‘Found: C, 74.10; H, 7.87. CisH2.Os 
requires C, 73.82; H, 7.75 per cent). 


The hydroxy-ester was hydrolysed with MeOH-KOH (1.4 g., 20¢.e.) by heating 
to boiling for 4 hours. The solvent was removed and the residual solid was dried in 
vacuum at 100°-120° for 4 hours. It was dehydrated with freshly fused KOH (5 g.) 
at 155°-160° for 30 minutes. The reaction mixture was cooled and the resulting solu- 
tion was acidified in the cold. The precipitated oil was worked up and esterified with 
methanol (10 c.c.) and’ H,SO, conc., 0.6 ¢.c.) by refluxing for 12 hours. The ester 
was worked up and distilled, b.p. 150°-154°/4 mm., yield 1.1 g. The above lactone 
(VIII) was converted into the unsaturated ester (XI) following the procedure described 
above. (Found: C, 74.03; H, 8.04. C,,H..0, requires C, 74.40; H, 8.08 per cent). 
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The dehydrogenation experiments with the above unsaturated compound (XI) 
failed to give any solid product under the conditions mentioned above. 

2-Methylphenanthrene.—The thick oily keto-ester (IJ, R, =H; R.=Me; 3.4 8-), 
obtained above, was saponified and the dry crude acid was cyclised through its acid 
chloride with the help of anhydrous AICI,, as described before. The resulting neutral 
product was distilled, b.p. 158-60°/3 mm., yieid 1.8g. (Found: C, 74.15; H, 6.97. 
CyeHisOs requires C, 74.40; H, 7.02 per cent). 

This thick oily diketon: (V1) was heated for 60 hours with selenium (0.3 g.) at 
300°-320°. The cooled powdered reaction mass was treated with benzene and filtered. 
The filtrate was washed with aqueous alkali and dried over calcium chloride. The 
residue, obtained after evaporation of the ether was heated with sodium at 150°-155° for 
10 minutes. The organic material was takeu up iu benzene and sublimed in vacuum. 
The oily sublimate on treatment with a saturated solution of picric acid in ethanol 
yielded a picrate in extremely poor yield. On repeated recrystallisation from dilute 
methanol it melted at 117-18°. The hydrocarbon, m.p. 52°-55°, was regenerated from 
the picrate with dilute ammonia and did not depress the m.p. of an authentic sample 
of 2-methylphenanthrene. 

Grateful thanks of the authors are due Prof. Dr. D. K. Banerjee for his valuable 
advice and encouragement during the course of this investigation. 
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POLAROGRAPHIC AND TITRIMETRIC STUDY OF ACIDIC SILVER 
BROMIDE COMPLEX 


By R. P. Mitra, A. R. Gupta AND D. Y.S. JAIN 


HBr s>lutions, saturated with AgBr, gave potentiometric titration curves showing two inflexions, 
the first of which indicated the neutralisation of free HBr, and the second, that of an acidic silve: 
bromide complex. The amount of acid in the complex was calculated from the titration curves, and 
the amount of Ag present in it, det-rmined polarographically. The formula, HAgBr, for the complex 
was thus obtained In agreement with this formula, application of Kolthoff and Lingane’s theory of 
the reduction of complex ions at the dropping mercury electrode gave a valency equal to one for the 
Ag present in the complex. 


Many references are to be found in the literature to silver halide complexes (Erber 
and co-workers, J. prakt. Chem., 1941, 158, 176; Lailikov, Compt. rend., U.S.S.R., 
1949, 65, 171 et seq), but divergent views have been expressed regarding their chemical 
composition. In the course of some work on silver bromide hydrosols, prepared by 
the action of hydrogen bromide on silver nitrate, evidence was obtained showing the 
presence, in these sols, of an acidic silver complex. Asa first step towards assessing the 
contribution of this complex to the observed acid character of the sols, a separate study of 
its nature and composition was considered desirable. The present investigation had this 
object in view. For the elucidation of the acid character of the complex, a study was 
made of its potentiometric titration curves with bases, and for determining the amount 
as well as the mode of combination of the silver contained in it, recourse was taken to 
the polarographic method. 


ExPERIMENTAL 


AgBr, prepared by mixing equal volumes of 0.2 N solutions of KBr and AgNO,, 
was thoroughly washed with double distilled water and then used to saturate HBr 
solutions of several concentrations at 25°. All these operations were carried out in a dark 
room and the saturated solutions were stocked in amber coloured Jena glass bottles, 


Potentiometric Titration Curves and Caiculated Acidities 


The saturated solutions, as a rule, contained a large amount of free HBr and a com- 
paratively small amount of the acidic complex. Most of the free acid was first neutra- 
lised with a concentrated solution of alkali. The solutions containing the remaining free 
acid and the complex were next titrated potentiometrically using glass electrodes in con- 
junction with saturated calomel half cells, Fig. 1 shows some typical potentiometric titra. 
tion curves obtained in this manner. 
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The amounts of titratable acid calculated at the inflexion points of the titration 
curves are shown in Table I. 


TABLE I 
Original conc Normality x 104 (b-a), 
of HBr. 1st inflexion point (a). 2ud inflexion point (b). 

0.50 N 29.5 62.0 32.5 
0 20 18.0 42.0 24.0 
0.05 7-5 19.0 11.5 
0.02 3-6 9.1 5.6 
0.01 23 7-5 5.2 


Polarograhpic Estimation of Ag in the Complex 


A Leeds aud Northrup electrochemograph was used to obtain the polarograins. 
Dissolved oxygen from the experimental solutions was removed by passing either pure 
nitrogen or pure hydrogen gas through them. Inthe cathodic reduction of the silver 
complex, the free HBr present in the solution would evidently act as a supporting 
electrolyte. Since HBr solutions of very different initial concentrations were used to 
saturate AgBr, the concentration of free HBr would be materially different in the various 
saturated solutions, and as stich a strict comparison of their polarograms would not be 
possible. This difficulty has been sought to be circumvented by adding a sufficiently 
large amount of KNO, to the saturaied solution in every case so that the KNO; more 
or less masked the effect of the free HBr and served as the main supporting electrolyte. 
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The test solutions were all made o-5 N with respect to KNO,. Jn the presence of such 
a large concentration of KNO;, a reasonably complete inhibition of the effect of free 
HBr could be expected, at least in the case of the most dilute HBr solutions. 
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(a) 0.2 N; (b) 0.02 N; (c) 0.01 N; (a) 1.0 N. (d) obtained without supporting electrolyte. 


For the polarographic estimation of Ag in the test solutions, their polarograms 
were compared with those of standard AgNO, solutions containing KNO, at the same 
concentration (0.5 N) as the test solutions. ‘The diffusion current (ia), the half-wave 
potentials (h.w.p.) and the diffusion current constant 'C), obtained from the polarograms 
of some standard AgNO; solution’, are recorded in Table II. 


TaBiE II 
Conc. of AgNO3. id. h. w. p. e. 
0.001 IN 1.5 microamp. —0.085 volt 1.5 
0.0005 0.75 —0.085 1.5 
0.9002 0.30 — 0.085 1.5 


Polargorams of some test solutions (diluted 1:1 with 1.0 N-KNO,) are shown in 
Fig. 2. ‘Table III summarises relevant data obtained from these and other such polaro- 


grams. 
TABLE ITI 
Conc. of HBr. fa. h.w.p. Amount of Ag Actual amount of Ag 
from polarograms. in the soln. 

0.50 N 1.8 microamp. we 1.2 m mol/litre 2.40 m. mol/litre 
0.20 1.6 —0.085 volt 1.07 2.14 
0.05 0.78 —0.13 0.52 1.04 
0.02 0.45 0.13 0 30 0.60 


0.01 0.42 —0.13 0.28 0.56 
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The amounts of Ag in the test solutions (diluted 1:1) as shown in column 4 of Table 
[Il were obtained by comparing the diffusion currents (ia) given in column 2 of Table 
[lI with those found for the standard AgNO, solutions and recorded in column 2 of 
‘lable II. 
Amounts of Ag and Acid in the Complex 


In Table IV the quantities of Ag present in the saturated solutions per litre have 
been compared with the amounts of acid neutralised between the second and first 
inflexions of their titration curves. 


TABLE IV 
Normality of HBr. Amount of Ag. (A). Amount of acid (B) A/B. 
0.50 2.4m. mol. 3.25 m. mol, 0.740 
0.20 : 2.14 2.40 0.890 
0.05 1.04 1.15 0.904 
0.02 0.60 0 56 1.071 
0.01 2.56 0.52 1.077 


In the calculation for Ag in the test solutions, the suppression of the diffusion current 
by free HBr was neglected. The greater the amount of free HBr, the greater would be the 
suppression effect, and hence, the calculated values of Ag would be lower than the actual 
values in the more concentrated solutions. 


Polarographic Study of the Valency of Ag in the Complex 


Polaragrams of the saturated solutions were taken without the addition of the 














Fic. 3 supporting electrolyte, KNO,, with 
Plot. a view to ascertaining the valency 
ro Ff of Ag in the complex (Kolthoff and 
, Lingane, Chem. Rev., 1941, 29, 1). 
ae The plot of log i/ia — i vs Ea.e. for 
, one such polarogram, that of 1.0 N- 
= eo HBr saturated with AgBr, is shown 
bo 4 in Fig. 3. Polarograms of other 
apoio q saturated solutions gave plots of log 
“0.2 4 jlia-i vs Eg... which were almost all 
parallel to the one shown in Fig. 3 
oT (i= current at any potential of 
r dropping electrode ; ia = total diffu- 
5 _s . sion current; Ea... = potential of 

o -0.0 o 08 -O 12 0.16 0.2 


oe " dropping electrode). 
ta.e, In volts. 


DiscuSsSION 


In view of the low solubility product of AgBr, the fact that large amounts of 
bromide ions are present in the saturated solutions would make the concentration of 
Ag* ions, in these solutions so small that they would not be detected polaro- 

’ 
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graphically. Actually, even saturated solutions of AgBr in water do not show any 
silver wave in their polarograms. ‘The pronounced silver waves found in the polaro- 
grams of HBr solutions, digested with AgBr (Fig. 2). are therefore to be attributed 
to a silver complex present in the solutions. The h.wp., as found from these silver 
waves, is more negative than that of free silver ions in the presence of the same suppor- 
ting electrolyte, and this also shows that the silver in the saturated solutions is present 
as a complex anion. 

The potentiometric titration curves (Fig. 1) show two buffered regions and two 
inflexions each. The first buffered zone extending up to about x 4.0 and the inflexion 
. following it, are evidently to be attributed to the neutralisation of the free HBr still 
left in the saturated solution after the bulk of this free acid has been neutralised with a 
concentrated alkali ‘vide supra). The second buffered zone observed between px 5.5 
and 8.0 is to be attributed to a second acidic component. It cannot be due to the 
precipitation of silver hydroxide which starts only after px 7.5 (Brilton, “Hydrogen 
Ions’’, Vol. II, p. 42). Actually, no precipitation was observed. Furthermore, poten- 
tiometric titration of KBr solutions, saturated with AgBr, did not reveal any buffer 
action between pu 5.5 and 8.0 though the presence of a silver complex in them was 
definitely indicated by their polarograms. The buffer action shown in this range of pu 
by the HBr solutions, saturated with AgBr, must therefore be due to an acidic substance 
which, judging from the polarographic evidence obtained with these solutions, could 
be no other than an acidic silver complex present in them. 

The amount of the acid in the complex is eviden'ly given by the difference between 
the acidities calculated at the second and first inflexions in the titration curves. It will 
be seen from Table IV that in the case of the two most dilute HBr solutions, this amount 
is equal to the quantity of silver contained in them as obtained from their polarograms. 
The complex present in them therefore appears to have the composition HBr+AgBr, 
i.e., HAgBr,. The more concentrated HBr solutions appear to contain increasiugly 
smaller proportions of Ag. As already stated, polarographic analysis of Ag as 
carried out here is likely to give smaller amounts of Ag than what are actually present 
in the more concentrated solutions. 

According to the theory of the reduction of complex ions at the dropping electrode, 


as developed by Kolthoff and Lingane (loc. cit.), the equation relating the potential 
of the dropping electrode to the current flowing in the circuit at that potential is: 


Eae.=Ej—(0.0591/n) log i/ (ia —i) we Pree 
where Ea... = the potential of dropping electrode, Ey = half-wave potential, i = current 
passing throngh the polarising cell, ia=total diffusion current and n=valency of the ion. 

The plot of log ijia—i vs Eae. (Fig. 3) is a straight line, showing that the 
reduction of the silver complex is reversible at the dropping mercury electrode. The 
slope of the straight line is 0.054, which from equation (1), gives nm equal to 1. In other 
words, the valency of Ag in the complex ion is equal tor. This is consistent with the 
formula, HAgBr,, of the complex, as deduced from estimations of the amounts of Ag 
and acid contained in it. 


DEPARTMENT OF CHEMISTRY, 
UNIVERSITY OF DELHI, Received December ag, 1953. 


DELHI-8. 

















our. Indiaa Chem Soc., Vol. 31, No. 5, 1954] 


STUDIES IN FRIEDEL-CRAFTS REACTION. PART III. INTRA- 
MOLECULAR CYCLISATION OF METHYL 2-(8-PHENYLETHYL)- 
-6-METHYL-cycloHEX-2-EN-1-ONE-6-CARBOXYLATE * 


By HARINARAYAN KHAstTGIR, S. M. MUKHARJEE AND 
Brpyut KAMAL BHATTACHARYYA 


Methy!1 2-(8-phenylethy1)-6-methyl-cyclohex-2-en-1-one-S-carboxylate has been prepared from ethyl- 
2-(8-phenylethy1!-cyclohexanone-2-carb»xylate through a number of steps. On treatment with anhy- 
drous aluminium chloride it has furnished 1-ket )-2-methyl-2-carb »methoxy-1 :2 23:4 :4a:9 :10:10a- 
octahydrophenant!. rene. 


In continuation of our work on the Friedel-Crafts reaction involving «8-unsaturated 
ketones (this Journal, 1949, 26, 296; Part II, this issue, p. 337) the successful intramole- 
cular cyclisation of methyl 2-(8-phenylethyl)-6-methyl-cyclohex-2-en-1-one-6-car boxylate 
to 1-keto-2-inethyl-2-carbomethoxy-1:2:3:4:4a:9:10 : toa-octahydrophenanthrene is describ- 
ed in the present paper. 

It should be noted here that Gutsche and Johnson (J. Amer. Chem. Soc., 1946, 68, 
2239) have successfully cyclised 8-phenylacetyicyciohexcnue to a phenanthrene derivative 
and this type of intramolecular hydroa:ylation has been brilliantly applied by Johnson, 
Banerjee, Schneider, Gutsche, Shelberg and Chinn (ibid., 1952, 74, 2832) in their elegant 
synthesis of oestrone and its isomer. 
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The unsaturated ketone (IV) was prepared following the method of Sen Gupta 
and Bhattacharyya (Part II, loc. cit.). The fission of ethyl 2-(8-phenylethyl)-cyclo- 
hexanone-2-carboxylate (I) to the pimelic ester derivative (II, R=Et) was carried 


* Abstracted from the part of the doctoral dissertation of H. Khastgir, 
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out as previously described (Sen Gupta and Bhattacharyya, ioc. cit.). Diethyl «-(8- 
phenylethyl)-pimelate was cyclised with sodium dust in benzene solution to yield the 
corresponding §-keto-ester which was metliylated in situ to furnish ethyl 2-{8-phenyl- 
ethyl)-6-methy!-cyclohexanone-6-carboxylate (III, R=Et). When the reactions were 
carried out with methyl @-(8-phenylethy!)-pimelate, a better yield of the substituted 8- 
keto-ester (III, R= Me) was obtained. ‘The latter compound was brominated in either 
ether or carbon tetrachloride solution and the resulting crude bromo compound was 
heated with dimethylaniline to give the unsaturated compound (IV), which was treated 
with anhydrous AIC!, in benzene solution to give an oily product. Both the unsaturated 
compound (IV) and the product obtained therefrom failed to furnish any solid derivative 
when treated with either semicarbazide or hydroxylamine hydrochlorides. That the 
compound resulting from the AICI; treatment was, indeed, octahydroplenanthrene 
derivative (V) was demonstrated when its behaviour towards bromine, permanganate 
and hydrogen in the presence of 30% palladium on charcoal was compared with that 
of the unsaturated keto-ester (IV). In order to convert the cyclised product into 
1-keto-2-methyl-1 : 2 : 3 :4-tetrahydrophenanthrene (VI) it was heated with two atomic 
proportion of sulphur ‘Bachmann and Wendler, J. Amer. Chem. Soc., 1946, 68, 2580) 
and the crude product, thus obtained, was hydrolysed and decarboxylated with a mixture 
of acetic and hydrochloric acids. The neutral product, isolated from the reaction 
mixture, was directly converted into its semicarbazone, m.p. 223-24°, which gave no 
depression on adinixture with an authentic specimen, prepared from y-(2-naphthy])- 
butyric acid (Haworth, J. Chem. Soc., 1932, 1125) following the method of Bachmann 
et al. (J. Amer. Chem. Soc., 1940, 62, 824). The ultraviolet absorption spectra of the 
semicarbazones were also identical. Further, no product could be isolated when the 
unsaturated compound (IV) was subjected to the sulphur dehydrogenation under similar 
conditions. 


ExPERIMENTAL 


Diethyl %-(8-Phenylethyl)-pimelate (II, R=Et).—Ethyl 2-(8-phenylethyl)-cyclo- 
hexanone-2-carboxylate (54 g.), prepared by the method of Bardhan and Sengupta 
(J. Chem. Soc., 1932, 2520. 2798) was added to a solution of sodium ethoxide, prepared 
from sodium (0.98 g.) and absolute alcohol (14 c.c.}. The mixture was heated on the 
water-bath for 2 hours, cooled and poured into ice water containing acetic acid. The 
precipitated oil was extracted with benzene and after removal of the solvent the residue 
was distilled, b.p. 184°/2.5 mm., yield 37 g. (Found:C, 71.59; H, 8.80. Cys>H2.O, 


requires C, 71.22; H, 8.81 per cent). The corresponding methyl ester was prepared 
in better yield by the following method. 


The above substituted 8-keto-ester (20 g.) was treated with sodium ethoxide solution 
as before and the crude fission product was hydrolysed in situ by refluxing for 2 hours 
with a solution of 25% methanolic potassium hydroxide (KOH, 4 moles). The alcohol 
was removed and the residue, after dilution with water, was extracted with ether. The 
aqueous alkaline solution was acidified and extracted with ether. After removal of 
the solvent the residue was dried in vacuum and then esterified with methanol (200 c.c.) 
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and H,SO, (conc., ro c.c.) by refluxing for 40 hours. The ester was worked up in the. 
usual way, b.p. 184°/3 mm., yield 18 g. (Found: C, 69.92 ; H, 8.30. C,,7H..O, requires 
C, 69.83; H, 8.27 per cent). 

Ethyl 2-(8-Phenylethyl)-6-methylcyclohexanone-6-carboxylate (III, R = Et).—The 
above pimelic ester derivative (16 g.), dry benzene (80 c.c.) and sodium dust (2.2 g.) were 
refluxed for 45 minutes when a clear solution was obtained. To the reaction mixture, 
cooled in an ice-salt bath, MeI (10 c.c.) was added and it was allowed to stand for 
several hours. After addition of another portion of MeI ‘1o c.c.) it was refluxed 
for 2 hours, cooled and diluted with water. The organic layer was separated and the 
aqueous layer was once extracted with ether. The combined extract was washed with 
dilute NaHCO, solution and water, and dried over anhydrous sodium sulphate, After 
removal of the solvent the residue was distilled, b.p. 165°-170°/3 mm., yield 4¢ 
(Found : C, 75.52; H, 8.03. CisH.,O,; requires C, 74.97; H, 8.39 per cent). 

The purification of the Dieckmann cyclised product before methylation could not 
be done for its decomposition during distillation. The corresponding methyl ester 
(III, R=Me) was aiso prepared in a better yield from (II, R=Me) in a similar manner, 
b.p: 162°-167°/3 mm. (Found: C, 74.01; H, 8.25. CizH220; requires C, 74.42; H, 8.08 
per cent). 

Methyl 2-{8-Phenylethyl)-6-methyl-cyclohex-2-en-1-one-6-carboxylate (IV).—A solu- 
tion of bromine (6c.c.) in CCl, (5 c.c.) was added dropwise to a cooled solution of the 
B-keto-ester (III, R = Me; 2.8 g.) in CCl, (15 ¢.c.) with constant shaking. After the 
colour of the bromine had disappeared, cold water was added to it and the CCI, layer 
was separated. The aqueous layer was extracted with ether and the combined extract 
was washed with dilute NaHCO, solution, water and dried over anhydrous CaCl,. The 
residue, obtained after removal of the solvent and drying in vacuum, was heated at 
160°-170° with dimetbylaniline (5 c.c.) for 4 hour. The reaction mixture was rapidly 
cooled and poured into ice containing HCl. The precipitated oil was extracted with 
ether and the ethereal layer was washed with cold dilute acid, water and dried over 
anhydrous sodium sulphate. The ether was removed and the unsaturated compound 
was distilled, b.p. 135-37°/0.1 mm., mp”, 1.5192; yield 1.8g. (Found: C, 75.20 ; 
H, 7.44. Ci7H20O; requires C, 74.97 ; H, 7.40 per cent). 

In contact with air this compound developed a dark colour. It decolorised very 
rapidly a dilute solution of bromine in CCl, and dilute KMnO, solution and absorbed 
one mole of hydrogen when shaken in an atmosphere of hydrogen with 30% palladium 
on charcoal catalyst. : 

1-K eto-2-methyl-2-carbomethoxy-1:2:3 :4:4a:9:10:10a-oclahydrophenanthrene (V).— 
A solution of the above unsaturated keto-ester (6g.) in dry thiophene-free benzene 
(60 c.c.) was distilled and a few c.c. of the distillate collected. Dry HCl was passed 
for 30 minutes through the dry benzene solution, cooled to 0°. The colour of the solu- 
tion gradually changed to deep orange. Anhydrous AICI, (11 g.) was next added in one 
lot to the benzene solution and allowed to stand overnight. ‘The reaction mixture 
was heated at 40° for 16 hours with continuous stirring. The complex formed was 
decomposed with ice and HCl and extracted with ether. The ethereal solution was 


3—1851P—5. 
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thoroughly washed with water, dilute NaOH solution, water and dried over anhydrous 
sodium sulphate. The ether was removed and the residual oil was fractionated; (I), 
b.p. 135-38°/o.1 mm., (3 g.) ; (II) b.p. 145-50°/o.1 mm., (1.6g.). The second fraction 
was redistilled, b. p. 144-48°/o.1 mm., mo**, 1.5262; yield1.1g. (Found: C, 75.0; 
H, 7.40. Ci:H2oOs; requires C, 74.97; H, 7.40 per cent). 

The redistilled product neither decolorised bromine and permanganate solution nor 
absorbed hydrogen when shaken in an atmosphere of hydrogen with 30% palladium 
on charcoal catalyst. 

1-Keto-2-methyl-1:2:3:4-tetrahydrophenanthrene (VI).—The keto-ester (V, 1.2 g.) 
was heated with sulphur (0.25 g.) at 150°-200° for $ hour. The reaction product 
was purified by evaporative distillation and then hydrolysed and decarboxylated with 
a mixture of acetic and hydrochloric acids and water (10:5:1 ; 15 c.c.) by refluxing for 
to hours. It wascooled, diluted with water and extracted with ether; the ethereal 
solution was washed thoroughly with water, dilute NaOH solution and water. The 
solvent was removed and the residual oil was evaporatively distilled, b.p. 130°/o.1 mm. 
The distillate was treated with semicarbazide hydrochloride (1 g.), pyridine (1.5 c.c.} and 
absolute alcohol (5 c.c.) and then refluxed for 8 hours. After distilling most of the 
alcohol, water was added to the reaction mixture and the precipitated solid (0.2 g.) was 
crystallised five times from dilute alcohol, m.p. 223-24°. The mixed melting point with 
an authentic sample, m.p. 223-24° remained undepressed. (Found: C, 71.88; H, 6.56. 
Calc. for C,sHizN;0: C, 71.88; H, 6.41 per cent). 

Grateful thanks of the authors are due to Prof. Dr. D. K. Banerjee for his valuable 
advice and encouragement during the course of this investigation. 
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CHEMISTRY OF ALIPHATIC THIOCARBAMIDES. PART III. 
N:N’-DIMETHYLTHIOCARBAMIDE 


By RANBIR SINGH 


The chemistry of N :N’-dimethylthixcarbamide has been studied with respect to its preparation and 
interaction with acids, alkalies, alkaline cadmium sulphate, potassium zincate, silver nitrate, nitrous 
acid, bromine, iodine, mercuric nitrate and acetic anhydride etc. 


N:N’-Dimethylthiocarbamide can be prepared (i) by the condensation of methyl 
mustard oil with methylamine (Hofmann, Proc. Roy. Soc., 1874, 17, 72), (ii) by the 
decomposition of dimethylthiuram disulphide ‘Braun, Ber., 1902, 35, 823) and methyl- 
ammonium salt of methyldithiocarbamic acid (Hofmann, J. prakt. Chem., 1868, i, 104, 
81; Salkowski, Ber., 1891, 24, 2720) and (iii) by heating methyl and ethyl esters of me- 
thyldithiocarbamic acid with methylamine in alcoholic medium (Delepine, Compt. rend., 
1902, 134, 1222; Bull. soc. chim., 1902, iii, 27, 814). In (ii) itis probably a product 
ofthe direct decomposition of dimethylthiuram disulphide, but the yield is poor on 
account of the secondary changes. Asa preparatory procedure, therefore, Hofmann’s 
method (loc. cit.) is superior. 

As in the case of several earlier workers, N:N’-dimethythiocarbamide was obtained 
as a syrupy mass. Certain other workers are reported to have obtained this compound 
in crystalline state (m.p. ranging between 49° and 60°; Dixon, J. Chem. Soc., 1893, 68, 
328; Hecht, Ber., 1890, 23, 286; Delepine, loc. cii.; Asbrand, Annalen, 1895, 285, 170; 
Andresch, Monatsh., 1881, 2, 277; Salkowski, loc. cit.). 

The hydrolytic decomposition of N:N’-dimethylthiocarbamide compares with other 
aliphatic thiocarbamides (this Journal, 1953, 30, 499, 695); N- and 5N- H,SO, solutions 
proved ineffective in decomposing it; N- and 5N- NaOH solutions gave on an hour's 
boiling 0% and 390.3% amine and 5% and 54% H,S respectively. 

In disagreement with the observations of earlier workers ‘Sahasrabudhey and Krall, 
this Journal, 1944, 21, 63; Dixon, loc. cit.), N:N’-dimethylthiocarbamide shows 
appreciable desulphurisability with reagents such as alkaline lead acetate, cadmium 
sulphate, mercuric oxide, and potassium zincate etc. With boiling solutions of potassium 
zincate about 10% is desulphurised, which is by far the lowest when compared to 
other mono- and disubstituted thiocarbamides. 

In common with other thiocarbamides (Rathke, Ber., 1881, 14, 1774; Singh et al., 
this Journal, 1937, 14, 474), N:N’-dimethylthiocarbamide also forms complex compounds 
with AgNO, in aqueous solution : 


(i) MeNH.CS.NHMe, 2AgNQO;, 
(if) MeNH.CS.NHMe, AgNOs, 
(iii) 2MeNH.CS.NHMe, AgNQ,,. 





Thesolubility of these in water is greater than those of N:N-dimethyl- and 
N-methyl-thiocarbamides. 
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As expected by virtue of its having two imino groups, N :N’-dimethylthiocarbamide 
yields with nitrous acids in dilute acetic acid medium an unstable, low melting, yellow 
nitroso derivative: MeNH.CS.N(NO}Me (m.p. 45°, decomp.). 


On oxidation with bromine in the usual way (this Journal, 1952, 29, 6363 10953, 
30, 499) in non-aqueous media it gives a sticky white mass. This liberates iodine 
from aqueous KI and decomposes into sulphur when warmed with alkali. It could not 
be purified, but from its properties it appears to be an analogue of ‘‘fo1mamidine di- 
sulphide’’ as expected. It also forms a picrate. 

Like other thiocarbamides (Reynolds aud Werner, J. Chem. Soc., 1903, 83, 1; 
Werner, ibid., 1912, 101, 2166; Sahasrabudhey and Singh, this Journal, 1953, 30, 223), 
N :N’-dimethylthiocarbamide can also be estimated iodimetrically and with Hg(NO,), 
solution. 

It forms with acetic anhydride an acetyl derivative, Me.N(COMe).CS.NHMe, 
m.p- 89°. 

EXPERIMENTAL 


Formation of N:N’-Dimethylthiocarbamide from Dimethvlthturam Disulphide.— 
Dimethyithiuram disulphide (1.06 g.) was refluxed for one hour with 50 c.c. of acid 
or alkali solutions of N and 5N strengths. The hydrolysate was estimated for N :N’- 
dimethyithiocarbamide after freeing it of mustard oil and CS, (by extraction 
with ether), H.S ‘by acidifying with H,SO, and bubbling CO, through the solution}, 
and undecomposed dimethylthiuram disulphide and sulphur (by filtration). For pyro- 
lytic decomposition, dimethy!thiuram disulphide (10 g.) was heated in a distillation 
tube at 110° for 15 minutes in an oil-bath. The product was purified and estimated as 
in the case of hydrolytic decomposition, above. Hydrolytic decomposition with N NaOH, 
5N-NaOH, N-H.,SO, and 5N-H,SO, gave on an hour’s boiling 6.7%, 15%, 19% and 
13.5% respectively and pyrogenic decomposition at 110° in 15 minutes, 20-30% N:N’- 
dimethylthiocarbamide (calc. on the basis of theoretical value}. Steam distillation of 
the thiuram disulphide in plain water and in caustic soda did not give any substantive 
results. Purification of the product obtained by the above methods, by solvation or 
distillation under reduced pressure did not succeed. Detailed results of these decompsi- 


tions are shown in Table I. 


TABLE I 


Decomposition of dimethylihiuram disulphide. 
Dimethyithiuram disulphide taken in each case = 1.06 g. 


Sl. Hydrolytic Time of Amine. S and un- H,.S Dimethylthio- CS, Total 
No agent. heating. changed D.M.T. formed. carbamide. form«d 

1 N-NaOH (socc.) 1 hr. 0.1076 g. 0.2814 g. 0 23598. 0.9345 g.- = 0.6594 g. 
2 5N-NaOH (sece.) ,, 0.1430 0.3280 0.3520 0.0780 * 0.9010 

3 N-H,SOQ, (50 cc.) ee o 1178 0.1734 0 0456 0.0984 0 5140 g. 0.9502 

4 sN-H,SQ, (Soc.c) ,, 0.2140 0.1919 0 0380 0705 0.5595 1.0713 

5 5N-H,SO, (100 c.c.) 14 0.2968 ve ote nt aS 


Pyrogenic decomposition of 10 g dimethylthiuram disulphide at r1o° for 15 min. ‘gave 2-3 g. of 
N :N’-dimethylthiocarbam‘de, 1.43 g. sulphur, and a small quantity of HyS, CS,/and methyl mustasd oil. 
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Hydrolysis.—For each experiment 2.08 g. of N:N’-dimethylthiocarbamide was used. 
The exp2rimeatal and estimation techniques were similar to those with other aliphatic 
thiocarbamides (vide Parts I and II, loc. cit.)} N- aud 5N- NaOH solutions gave 0% 
and 39.3% amine and 5% and 54% H.S respectively. 

Desulphurisation.—N *N’-Dimethylthiocarbamide (0.104 g. in too c.c. water) was 
heated on a water-bath with 10 c.c. of potassium zincate slution for half an hour at 60°, 
80° and 100°. After fiitering off the zinc sulphide formed, the remaining thiocarbamide 
in the filtrate was estimated by titrating against Hg(NO,), solution after acidifying 
it with dilute HNO;. % Desulphurisation at 60°, 80° and 100° was 2%, 3.1% and 
9.5% respectively. 

Reaction with Silver Nitrate-—Aqueous solutions of N:N‘-dimethylthiocarbamide 
and silver nitrate of different concentrations were mixed under different conditions. 
The results are shown in Table II. 


TABLE II 
N : N’-Dimethylthiocarbamide and AgNO; complexes. 


6 = _ 32 6 . Ag salt Ag = » Ratio of 

2 ne 3 we 5.95 ignited residue _ _- ot Composition Ag:loss (cale 

ae. rot . =e (g }. (g.). = eb ie corresponding to for formula in 

nn Z 7, os hg wo.S column 10) 

oo th e Ck Q < 
< < YU al 
1 1:1 1.70 1.04 Cold dil. 1.0322 0 (686 06635 324:581 2(Thi,AgNO;)+2Thi,AgNO; 324 :602 
HNO; 

2 2:1 3.40 104 i ©4942 01756 03176 3247583 ’” ” ” 
0 2976 0.1210 0.1766 108:158 Thi,AgNO; » 108 :166 
0.3002 v.1200 0.1802 108 :162 ” » 
0 8184 0.3368 0.4816 108:155 ”» ” 

3 4:11 68 1.04 - 0.3250 0.1442 0.1808 324:406 Thi, AgNO3;+Thi, 2AgNO; 324 3394 
0.6080 9.2754 0.3326 324:391 ”» ” ” 
0.7000 0.3118 0.3882 324:403 »» ” ” 

4 1:2 0.85 1.04 is 0.3752 0.1352 0.2400 324:575 2(Thi,AgNO3)+2Thi,AgNO» 324 :602 
0.6126 0.2154 0.3972 324:598 ” ” ”» 
0.4304 0.1498 0 2806 324:607 ” ” * 

5 1:1 1.70 1.04 Boiling 0.4349 0.1864 0.2482 432:576 2(Thi,AgNO,;)+Thi,zAgNO; 432:560 

dil. HNO; 

0.5298 0.2302 0.2996 432:562 *” ” ”» 


Reaction of Nitrous Acid.—N:N’-Dimethylthiocarbamide (2 g.) was dissolved in 
ice-cold water and 5N-acetic acid (15 c.c.) was added to it and 40 c.c. of N-sodium 
nitrite solution (ice cooled) were added slowly. A yellow froth appeared at the surface, 
The precipitate was filtered and washed with ice-cold water, m.p.45-50° (decomp.). 


Estimation.—For experimental technique vide Sahasrbudhey and Singh (loc. cit., 
also Parts I and II, luc. cit.). The results are presented in Table III. 
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TABLE III 
Determination of N :N’-dimethylthiocarbamide. 


In the case of iodine titration for evey experiment 2 c.c. of dil. H,SO,, 3 c.c. of 
starch solution and enough water to make the bulk 20 c.c. were added to the thiocar- 
bamide solution. In the case of mercuric nitrate for every experiment toc.c. of M/10 
thiocarbamide were taken and 2 c.c. of ferric alum indicator were added to it. Varying 
quantities of thiocyanate and water were added to sce the effect of thiocyanate con- 


centration and dilution. 


By iodine. By mercuric nitrate 
M/to-Thio- N/10-Iodine I, (cale ). M/10Thio- N/10o-KCNS Water Total Hg(NO3)3 Hg(NOs), 
carbamide consumed carbamide soin. added. bulk ecuivalent equivalent 
SI. No. soln. soln. of KCNS of Thi. 
I 10,00 C.c, 1.96 C.Cc. 10.00 ¢.c. 10 ¢.€ £.e2. Otc. 53 C2. Ic.c 9-90 cc. 
2 5.00 1.29 5-00 »» ” 37 50 - 10.00 
3 2.50 0.83 2.50 i = 87 100 ” 10.00 
4 1.25 055 1.25 - 10 Q 22 10 9.95 
5 0.62 0.33 ©.62 a Md 28 50 “ 10.90 
6 0.3i 0.21 031 = Ad 78 1N0 - 10.90 
7 0.15 11 0.15 es 20 0 32 20 19.00 
8 0.08 0.08 0.08 18 50 ” 10.00 
9 ” ” 68 100 * 10,00 


Reaction with Acetic Anhydride.—N:N'-Dimethylthiocarbamide (2 g.) and acetic 
anhydride {4 .c.c.) were heated for about 10 minutes with zinc chloride and poured in 
water. ‘The white solid separating was filtered off and crystallised from alcohol, m.p. 
88°. (Found: N, 18.9; S, 21.83. Calc. N, 19.18; S, 21.91 per cent). 

The experiments of decomposition of dimethylthiuram disulphide were done by 


Shri A. P. Chaturvedi, M.Sc. 
Thanks of the author are due to Dr. R. H. Sahasrabudhey and Professor S. S. 


Joshi, for their interest. 
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CONSTITUTION OF BONE SALT AND TRICALCIUM PHOSPHATE. PART I 


By T. K, WADHWANI 


Study has been made of the available data abont the physical and chemical aspects of caicium 
phosphate, and about the physical, chemical and biochemical aspects of bone salt, and in the light of 
of the study thus made, certain conclusions have been arrived at regarding the const.tution of these 
substances. 


As calcium phosphate preparations rarely have the Ca:P ratio required by the 
formula, Ca,(PO,),, and as also seldom a mineral of this composition has been found 
in nature, calcium phosphate has been assumed to be (i) solid solutions of CaHPO,.2H,0 
and Ca(OH), (Cameron and Bell, J. Amer. Chem. Soc., 1905, 27, 1512), (ii) a mixture 
of CaHPO, and hydroxy-apatite (Schleede etal., Z. Elekirochem., 1932, 38, 633', 
(iii) a mixture of mono- and tri-calcium salts (Wendt and Clarke, J. Am r. Chem. 
Soc., 1023, 45, 881}, (iv) a mixture of tricalcium phosphate, lime and CaH PU, ‘Burns 
and Henderson, Biochem. J., 1935, 29, 2385), (v) a hydroxy-apatite with more or less 
adsorbed phosphate ions, resulting in empirical formulae approaching the theoretical 
value for Ca,P,0, (Hodge et al., Ind. Eng. Chem, Anal. Ed., 1938, 10, 156) and (vi) 
a solid solution of calcium phosphates in which the further uptake of Ca must be accom- 
panied by the entry of OH™ or F~ ions (Crowther, quoted from Chem. [nd., 1949, 31). 


Some Properties of Calcium Phosphate 


The precipitate that forms as a result of the reaction between phosphoric acid and 
lime is CaHPO,, when the supernatant solution is acidic (Hodge, J. Biol. Chem., 1940, 
188, xliv); but when a dilute solution of Na,PO, is added to a neutral aqueous. solution 
of CaCl,, after the addition of a few drops of the alkaline phosphate, the calcium solution 
becomes acidic to phenolphthalein, and the precipitate that forms at this stage is 
CaHPO,. Further addition of alkaline phosphate causes the solution to become alka- 
line, and the precipitate, formed, contains a larger Ca:P ratio than that required 
by the formula Ca,(PO,),, due, as suggested by Cameron and Seidell (J. Amer. Chem, 
Soc., 1905, 27, 1503), to the formation of a more basic and less soluble salt with 
Ca(OH)... However, in alkaline solutions, the Ca:P ratio in the precipitate, formed 
immediately after mixing, is greater than 1.29, and approximates 1.94 as the equilibrium 
conditions are reached (Shear and Kramer, J. Biol. Chem., 1928, 79, 125). The ratio 
Ca:P of the precipitate is variable and depends on the composition of the solution 
from which the calcium phosphate is precipitated. Logan and Taylor ‘ibid., 1938, 125, 
377) have given as follows the course of the reaction between calcium chloride and 
phosphate for as long as 30 days: 

(a) ‘“The precipitates, formed from solutions containing excess calcium but no 
CO,, a few minutes after adding the reagents together, change in composition by 
removing calcium, and presumably hydroxide but no phosphate from the solution’’. 
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(b) ‘The precipitates, first formed from solutions containing an excess of phos- 
phate, always lose phosphate to the liquid phase’’. 

(c) “If carbonate is present in the solution, the loss of phosphate from the pre- 
cipitate parallels the CO, uptake’’. 

(d) ‘‘Calcium, carbonate and hydroxyl ions may be removed from the solution 
even when their concentrations are such that the ion products, (Ca**) x (CO,*~) and 
(Ca’*) x (OH™)?, are less than the solubility product of CaCO, and Ca(OH), respectively; 
other ions like fluoride and alizarin, which form insoluble calcium salts, are taken up 
in large amounts by the precipitate; similarly, Ca** and HPO,’~ may be taken up by 
the precipitate at concentrations below the solubility product of CaHPO,; the amounts 
of CO,?~ and HPO,'~ in the precipitate are increased as the ion products, (Ca**) x 
(CO,?~) and (Ca**) x (HPO,?>), of the liquid phase approach the solubility product of 
CaCO, and CaHPO, respectively’’. 

(e) “When the precipitate, such as bone salt, is equilibrated with a solution, 
different in composition from the one in which it was first formed, the composition 
of the precipitate changes even though the possibility of recrystallisation is precluded; 
ions such as CO,* can be exchanged for OH™ to bring the precipitate in equilibrium 
with the new liquid phase’. 

Calcium phosphates, whether dibasic or tribasic, in the presence of water undergo 
hydrolysis and form hydroxy-apatites (Buch, Z. anorg. Chem., 1907, 52, 323; Daneel 
and Frolich, Z. Elektrochem., 1930, 36, 302; Warrington, J. Chem. Soc., 1873, 26, 
913; Schleede et al., loc. cit.). Warrington, by repeatedly extracting tricalcium phos- 
phate with boiling water, obtained a product which very nearly approximated in com- 
position to that of hydroxy-apatite. Lorah et al. (J. Amer. Chem. Soc., 1929, 61, 1097) 
observed that the hydrolysis of calcium phosphate was more rupid with alkali than with 
water. 

Calcium phosphates have been found to adsorb calcium hydroxide either when 
the former is precipitated in the presence of the latter (Jolibois and Sencier, Compt. 
rend., 1925, 181, 36) or when the former is shaken up with the latter (Lorah et al., 
loc, cit.). It has been shown by Lorah etal. that in most concentrated solutions, 
as much as one third of a mole of Ca(OH), is adsorbed per moje of basic phosphate, and 
that the adsorption of Ca(OH), by tricalcium phosphate is slightly greater than that by 
the basic phosphate. 

Calcium phosphate precipitates, formed in neutral or alkaline solutions, give X-ray 
spectrograms similar to bone or apatite whether their chemical composition approximates 
Ca;(PO,). or [Cas(PO,).].CaCO; (De Jong, 1926, quoted from Physiol. Rev., 1940, 20, 
522; Taylor and Sheard, J. Biol. Chem., 1929, 81, 479). The absence of CaCO, or 
CaHPO, as independent substances is indicated by the absence of lines characteristic 
of any of their crystal forms (Roseberry et al., J. Biol Chem., 1931, 90, 395). However, 
it must be mentioned that the substances adsorbed on the surface of a solid do not 
influence the X-ray pattern, and those in solid solution deflect, only toa smal! extent, 
the lines characteristic of the predominant substance (Walden and Cohen, J. Amer. 
Chem, Soc., 1935, 87, 2591). Calcium phosphate precipitate, formed from acidic solu- 
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CONSTITUTION 


tions, has the composition of CaHPO, which has an X-ray spectrogram different from 
that of the other calcium phosphates. 


Constitution of Bone Salt 
Bone salt has been represented by (a) a mixture of calcium phosphate and calcium 
carbonate; ib) secondary calcium phosphate, CaHPO,; (c) a carbonate apatite denoted 
by the following formulae : 


(i) 


OPO,Ca 
fc ca ) Th. 


OPO,Ca 
(ii) 3 Ca;(PO,)2.CaCOs, 
(iii) Ca, oCO;.(PO,)<. 


(d) hydroxy-apatite and calcium carbonate; and (e) by mulliple apatites of the general 
formula 3Ca,/PO,),.cCaX, where X imay be O, Cl,, SO,, CO; and F, (quoted from 
Huggins, Physiol. Rev., 1937, 17, 119). However, in view of the evidence obtained 
from chemical, X-ray diffraction and optical studies on bone salt, it is usually represented 
by the formula, CaCO,.n Ca;(PO,),, where m is not less than 2 and not more than 3. 
Between 3% and 5% of the calcium may be replaced by magnesium, and between 2% 
and 3% by sodium and potassium (Gabriel, Z. physiol. Chem.,.1894, 18, 257). 


The composition of the bone salt is not alwaysthe same. The carbonate of the 
bone increases with age in the rats, is higher in ricketic rat bone than in normal bone, 
and is different under different physiological conditions (quoted from Huggins, 
loc. cit.). According to Common (J. Agric. Sci., 1938, 28, 347), the skeleton of a 
laying bird undergoes modifications in composition due to alterations in the ratio of 
carbonate CaO to total CaO, and in the ratio of residual CaO to total CaO. It has been 
stated by Brooke etal. (J. Biol. Chem., 1934, 104, 141) that it is possible to change 
the ratio Ca,/PO,), to CaCO, in the bones of the rats by dietetic means. Marek 
et al. (1937, quoted from Tyler, Biochem. J., 1940, 34, 202) have reported an increase 
in the Ca:P ratio of bones by feeding CaCO, to young pigs. According to Tyril (loc. 
cit.) there is evidence that the composition of bone can alter due to the possibility that 
bone can lose or gain calcium without gaining or losing an equivalent amount of 
phosphate. 

It has not been so far firmly established whether carbonate is chemically united 
with the calcium phosphate molecule or is held by it in virtue of its strong adsorptive 
power. Klement (Z. physiol. Chem., 1931, 196, 140), by equilibrating the glycerol 
ash of bone with conductivity water, found that more carbonate than phosphate was 
released into the liquid phase. Similar observation was made by Hendricks et al. 
(Ind. Eng. Chem., 1931, 28, 1413) who had found that more carbonate than phosphate 
was removed when bone was treated with steam. Logan and Taylor (J. Biol. Chem., 
1938, 125, 391), who argued that in the above two two instances the bone salt might 
have dissolved first, and then reprecipitated as a different and less soluble salt, carried 
out the experiment under conditions wherein the reprecipitation of the calcium phosphate 
4—1851P—s. 
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was rendered highly unlikely, and observed that most of the carbonate was removed 
apparently without dissolving the main crystal structure. 


Bone salt is not a single ‘definite chemical entity. The most convincing evidence, 
supporting this view, has been furnished by Logan and Taylor (ibid., 1937, 119, 
293). If bone salt were a true compound, firstly, the solubility product of the salt, 
formed from supérsaturated solutions, should be essentially the same if a small or large 
amount of the solid phase is brought into equilibrium with the liquid phase, and 
secondly, the bone salt should dissolve at the ionic concentration little less than that 
necessary for its formation. Logan and Taylor, on the other hand, found that the 
ion product (Ca**)* x (PO,7~)? increased as the amount of bone equilibrated with a 
solution of their ions decreased below 150 mg. of th©® bone salt per litre, and that the 
ion product (Ca**)* x (PO,?~)* necessary to form the precipitate was much greater than 
the product at which the precipitate would dissolve, indicating that the calcium salt 
finally present in the bone was different from the one which first formed. 


Bone Magnesium 


Magnesium content varies in different bones. The percentage of magnesium 
decreases with increasing age (Duckwo'th, Nut, Abst. & Rev., 1938, 8, 841), and due 
to irradiation (McHargue and Roy, Am. J. Physiol., 1930, 92, 651). The percentage 
of magnesium is higher in the bones of rats, placed on a diet deficient in calcium 
(Toverud, J. Biol. Chem., 1923, 58, 583; Weiser, Biochem. Z., 1914, 66, 95), very rich 
in magnesium (Buckner et al., Poultry Sci., 1932, 11, 58), and is higher in the rats 
suffering from rickets and osteomalacia (McCrudden, Am. J. Physiol., 1906, 17, 32; 
Arch. Int. Med., t9to, 5, 596; McHargue and Roy, loc. cit.) from fluorosis (Forbes 
etal., Ohio Agric. Exper. Sta. Bull., 1921, No. 347; Kick et al., J. Agric. Res-, 1933, 
46, 1023), and afte: thyro-parathyroidectomy (Coppo and Molinari, Bull. Soc. Ital. 
Biol. Sper., 1934, 9, 36; Hammett, J. Biol. Chem., 1923, 51, 285 ; 1927, 72, 527). 


According to Klement (loc. cit.), magnesium never forms any part of the bone salt, 
and its presence in the bone is incidental due to its presence in the plasma from which 
the bone salt is precipitated. Orent et al. (J. Biol. Chem., 1934, 106, 573) observed 
that in the case of rats suffering from acute magnesium deficiency, a part of the skeletal 
magnesium is mobilised during the first few seconds of a convulsive seizure. This 
has been interpreted to meau that at least a part of the skeletal magnesium is not deposi- 
ted in the bone, and is labile. Duckworth etal. (Biochem. J., 1940, 34, 97) made 
the similar observation. No evidence has been presented to show whether or not the 
remaining skeletal magnesium is labile or can be mobilised in periods of longer survival. 
Though the part at least of skeletal magnesium is regarded as labile, according to 
Duckworth and Godden (ibid., 1941, 38, 817), it cannot be suggested that skele- 
tal magnesium consists of two forms, a labile and a bound form. Further, Duckworth 
and Godden have adduced evidence in support of the view of Klement (loc. cit.), and 
hold that the magnesium ions are not essential components of the bone salt crystal. 
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Bone Sodium 
































It has been assumed that skeletal sodium consists of two parts. Half the skeletal 
sodium is soluble, is dissolved in the extra-cellular fluid, and is balanced ionically by 
chlorides; the other half is insoluble and fixed in the bone mineral, perhaps as a part 
of the apatite lattice. Harrison (J. Biol. Chem., 1937, 120, 457), by the analysis of the 
bones of rats suffering from various disorders of calcification, found that with the 
exception of bones of animals given large doses of irradiated ergoesterol, ‘the excess 
sodium of bone is directly proportional to the calcium content, one molecule of sodium 
found for 30 molecules of calcium’’. In view of this relationship between bone sodium 
and calcium, Harrison has suggested that the sodium found in calcified material is 
part of an apatite complex simila: to the sodium found in the naturally occurring fluor- 
apatite. From the work of MaCance (Proc. Roy. Soc., 1936, 119B, 245), Shohl (‘‘Mine- 
ral Metabolism’’, 1939), Kaltreider et al. (J. Expt. Med., 1941, 74, 569), and from 
their own work on the insoluble sodium of bone, Hodge et al. (J. Biol. Chem., 1943, 
148, 321) have adduced evidence to show that bone sodium is highly labile, and that such 
a lability would scarcely be expected if the bone mineral were a fixed sodium - calcium 
apatite. According to Hodge ef al., bone sodium is a store which increases with the rise 
in the blood sodium, and which supplies sodium to maintain the blood level when a 
sodium loss tends to depress the blood sodium level. From the data on the adsorption 
of sodium by bone, dentine and enamel, Hodge et al. have shown that a simple adsorp- 
tion would account for the constancy of the relationship between one mole of sodium 
and 30 moles of calcium provided that ‘a) the hydroxy-apatite crystals in various bone 
samples have comparable active surfaces, and (b) the concentration of blood sodium 
and therefore of extra-cellular fluid sodium is fairly constant. 





Bone Potassium 





As no data are available regarding the nature of bone potassium, it is not discussed 
nai Some Properties of Bone Salt 

In vitro, the calcified tissues (bone, enamel and dentine) have been found to adsorb 
fluorine (Volker et al., J. Biol. Chem., 1940, 184, 543), phosphate (Manly and Levy, 
J]. Amer Chem. Soc., 1939, 61, 2588 ; Armstrong, Proc. Soc. Exp. Biol. Med., 1940, 
44,28; Hodge etal., J. Biol. Chem., 1941, 188, 451) and sodium (Hodge et al., 1943, 
loc, cit.). 

In vivo, the calcified tissues are in a state of dynamic equilibrium with the mine- 
rals in the blood (Chiewitz and Hevesy, Nature, 1935, 136, 754; Hahn et al., Biochem. 
]., 1937, 31, 1705 ; Hevesy and Armstrong, J. Biol. Chem., 1940, 133, liv; Manly 
et. al., ibid., 1939, 129, 125; 1940, 184, 293). With the help of the radioactive isotopes, 
Chiewitz and Hevesy (loc. cit.) have shown that the formation of bones is a dynamic 
process. Bone is continuously taking up phosphorus atoms which are partly or 
wholly lost again and replaced by other phosphorus atoms. In the case of adult rat, 
about 30% of the phosphorus atoms deposited in the skeleton is removed in course 
of 20 days. Manly et al., (loc. cit.) have further proved by means of simple calculations 
that the entry of new phosphorus atoms in the bone salt is an instance of equilibrium 
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between the bone salt and plasma, and that it does not suggest the formation of new 
bone, for that would mean that one fifth of the total bone can be laid down in 24 hours. 
This is physiologically impossible. 

On the basis of these observations, the calcified tissues have come to be regarded 
as composed of two parts; one, that rapidly comes to equilibrium with the blood mine- 
rals, is designated as labile, and the other, which reaches equilibrium relatively slowly, 
and exhibits negligible exchange with the blood minerals, is designated as stable or 
non-labile. 

From the study of the data presented above, the following points emerge clear: 


(1) Seldom a compound has been prepared or has been found in nature which can 
be denoted by the formula Ca,(PQ,),. } 

(2) The bone salt and calcium phosphate are not well defizred chemical entities. 
Their components are either adsorbed on one another or from solid solutions. 

(3) Calcium phosphate in vitro and bone salt, both in vitro and in vivo, exbihit 
strong adsorptive power, and have been found to adsorp phosphates, fluorine and sodium. 
Calcium phosphate has been shown to adsorb calcium hydroxide. 


(4) The composition of bone salt and calcium phosphate is variable, and is essen- 
tially determined by the composition of the liquid phase, and by the conditions under 
which these are precipitated. 


(5) Irrespective of the their composition, both bone salt and tricaicium phosphate 
give an X-ray spectrogram of an apatite. 


‘6) Due to the absence of conclusive evidence, though it may not be accepted in 
its entirety that the presence of CO,*~, Na*, K* and Mg’* in the bone salt is purely 
incidental, and due to the presence of these substances in the plasma from which the bone 
salt is precipitated, and that these do not form any essential chemical component of the 
bone salt, it has to be conceded that these substances are considerably labile, and at 
least a certain portion of these, by shaking the bone salt with water, can be removed 
without affecting the structure of the bone salt. 

(7) When bone salt or calcium phosphate is equilibrated with a solution, different 
in composition from the one in which it is first formed, the composition of the pre- 
cipitate changes even though the possibility of recrystallisation is precluded. Ions such 
as CO,”" and F~ can be exchanged for OH™~ and PO,°~ to bring the precipitates in 
equilibrium with the new liquid phase. 

(8) In view of the functions and behaviour of the bone salt in vivo, and of the 
behaviour of bone salt and calcium phosphate in vitro, both the substances are assumed 
to consist of two parts, the part, that immediately comes to equilibrium with the liquid 
phase and changes its composition in conformity with the composition of the liquid 
phase, is termed labile, and the other, which is relatively much less affected by the 
composition of the liquid phase, is termed non-labile. 

{9) No chemical methods have been suggested so far for the separation of the labile 
part from the non-labile part of bone salt and tricalcium phosphate. 


The author wishes to thank Prof. K. V. Giri for his keen interest in the work. 
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CONSTITUTION OF BONE SALT AND TRICALCIUM PHOSPHATE. 
PART II 


By T. K. WADHWANI 


The data are presented about (i) the nature of the exchange reaction between a solution of sodium 
fluoride and calcium phosphate, (ii) the mechanism of phosphate adsorption by bone salt and calcium 
phosphate, and (iii) the nature of anions in bone salt and calcium phosphate. 


It has been shown that the manner in which the anions of calcium phosphate react with the fluoride 
of the liquid phase can be mathematically represented by the Freundlich adsorption isotherm, and 
that the adsorption of phosphate by bone salt and calcium phosphate is regarded as ionic, involving the 
exchange of phosphate with the anions of these substances and that all the anions in these substances, 
at least theoreticaliy, by the process of repeated equilibration can be replaced with fluoride in the 
manner that can approximately be denoted by the Freundlich adsorption isotherm. 


It has been shown in Part I (this issue, p. 359) that bone salt and calcium 
phosphate are regarded as composed of two parts, the labile part and the 
non-labile part. ‘This would mean that it is only the labile part of the bone salt and 
calcium phosphate which enters into exchange reactions with the constituents 
of the liquid phase; in other words, it is only the labile part of bone salt 
and calcium phosphate which contains the adsorbed anions like hydroxide, car- 
bonate and phosphate. Still in other words, this would mean that, below the stratum 
of adsorbed ions, there is the real substance, the real bone salt «nd the real calcium 
phosphate. If, by certain chemical methods, the labile part can be separated from 
the non-labile part of bone salt and calcium phosphate, one would have gone a ‘very 
long way not only in the experimental verification of the theoretical division of these 
substances into labile and non-labile parts but also in the elucidation of the constitution 
of real bone salt and real calcium phosphate. 


It has been shown that bone salt and tricalcium phosphate, when equilibrated with a 
solution of sodium fluoride, adsorb fluorine in terms of the Freundlich adsorption iso- 
therm. The adsorption in this case has been found to be ionic, involving the exchange 
of fluoride with hydroxide and phosphate in tricalcium phosphate, and with hydroxide, 
carbonate and phosphate in bone salt. It is thought that hydroxide, carbonate and 
phosphate, that are thus exchanged with fluoride of the liquid phase, which gets adsor- 
bed, are likewise already adsorbed on these substances, and constitute, what has been 
termed. the labile part of bone salt and tricalcium phosphate. 


Thus, now it becomes possible to determine the concentration of adsorbed anions 
in bone salt or calcium phosphate by repeatedly equilibrating a given quantity of the 
salt with a solution of sodium fluoride, when the adsorbed anions are replaced by fluoride, 
which is adsorbed in their place, and they are released into the liquid phase. The 
concentration of adsorbed anions, thus released into the liquid phase, can be determined 
by the usual chemical methods. 
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Experiments have been carried out (i) to study further the exchange reactions 
between a solution of sodium fluoride and calcium phosphate, (ii) to study the mechanism 
of phosphate adsorption by bone salt and calcium phosphate, and ‘iii) to determine 
the concentration of adsorbed anions iu a given quantity of calcium phosphate and bone 
salt by replacing these with fluoride ions, and by estimating the quantities of the released 
anions in the liquid phase. 


EXPERIMENTAL 


Tricalcium phosphate (C.P.), bone salt, prepared by powdering the water, fat 
and marrow-free long bones of rats, saturated solution of sodium fluoride, and a 4% 
neutral solution of sodium dihydrogen phosphate were employed. 

Procedure.—Weighed quantities of bone salt and calcium phosphate were equi- 
librated with solutions of fluoride and phosphate. At equilibrium, the liquid phase 
was quantitatively separated from the solid phase, and was analysed for the required 
constituents. ‘The same solid phase was again equilibrated with fresh aliquots of the 
solutions of fluoride and phosphate. This procedure was repeated many times. 


Methods of Analysis.—Due to the lack of potentiometer, the alkalinity was deter- 
mined by the ordinary titration method. Any error due to the presence of large quanti- 
ties of salts in the titration mixture was determined by titrating a known quantity of 
the acid in the presence of the same concentration of salts with a standard alkali, and 
a suitable correction was employed in the calculation of the true alkalinity of the solu- 
tion. A similar correction was employed for the alkalinity due to the formation of tri- 
sodium phosphate, deducting from the alkalinity of the solution in c.c. of N/50-NaOH, 
2.75 ¢.c. of N/50-NaOH for every 1 mg. of P in the solution. Calcium was determined 
by the usual permanganate titration method. Phosphorus in small quantities was 
estimated by the method of Fiske and Subba Rao (J. Biol. Chem., 1925, 66, 375), using 
photoelectric colorimeter. In large quantities, it was estimated as magnesium pyro- 
phosphate. Sodium was determined gravimetrically according to the method of Barber 
and Kolthoff (J. Amer. Chem. Soc., 1928, 50, 1625). In solutions containing large 
quantities of phosphate, sodium was estimated after the elimination of phosphate as 
ferric phosphate. ‘The results are presented in Tables I and LI. 


Exchange Reactions between Calcium Phosphate and a solution of Sodium Fluoride 


Calcium phosphate was shaken with a concentrated solution of sodium 
fluoride. At equilibrium, it was found that 1 g. of calcium phosphate had taken up 
36 mg. of fluorine, and released the corresponding amounts of phosphate and hydroxide 
into the liquid phase. Calcium phosphate with adsorbed fluorine was then equilibrated 
with 50 c.c. of N/10o-NaOH. At equilibrium, it was found that 16 mg. of adsorbed 
fluorine were released into the liquid phase and the corresponding amount of hydroxide 
was taken up by the solid phase. Calcium phosphate with the remaining 20 mg. of 
adsorbed fluorine was again equilibrated with fresh aliquot of sodium hydroxide 
solution. At equilibrium, it was found that 12 mg. of fluorine were released into the 
liquid phase, and the corresponding amount of hydroxide was taken up by the solid 
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phase. This process was repeated till all the adsorbed fluorine had been removed from 
calcium phosphate, and its place was taken up by the corresponding amount of hy- 
droxide. Thus, the adsorbed hydroxide and phosphate in calcium phosphate can be re- 
placed by fluorine, which in turn is adsorbed, and the adsorbed fluorine can be replaced 
by hydroxide which again is adsorbed. All these reactions, involving the uptake of 
fluorine by the solid phase, the replacement and consequent release into liquid phase of 
hydroxide and phosphate, and the replacement of the fluoride with hydroxide, can be 
mathematically expressed by the Freundlich adsorption isotherm, and are determined 
by the concentration of the substance in the liquid phase and the time of contact 
between the liquid phase and the solid phase till equilibrium conditions are established. 
By tue above procedure, the ordinary so-called tricalcium phosphate, with Ca:P ratio 
approximating 1.94, has been converted into phosphates in which Ca:P ratio is higher 
than that in calcium phosphate, hydroxy-apatite or any other known phosphates. 


Mechanism of Phosphate Adsorption by Bone Salt and Calcium Phosphate 


It has been shown by Manly and Levy (J. Amer. Chem. Soc., 1939, 61, 2588) and 
Hodge et al. (J. Biol. Chem., 1941, 188, 451) that bone, dentine, enamel and hydroxy- 
apatite adsorb phosphate when these are shaken with a nearly neutral solution of sodium 
phosphate. Experiments have been carried out to study the mechanism of phosphate 
adsorption. The results are presented in Table I. 


TABLE I 
Nature of phosphate adsorption by bone salt and calcium phosphate. 


Bone salt = 0.9814 g. Calcium phosphate=1.6190 g. 
Conc. of Na and P in mg./50 c.c. of phosphate soln. 


P= 306.1 mg. Na= 316.3, 322.0, 315.8 mg. 
Rone salt. Calcium phosphate. 
Comp. of the liquid phase Adsorption of Comp. of the liquid phase Adsorption of 
at equilibrium ‘mg /50 c.c.) at equilibrium (mg./50 c.c.). 
_¢ Na. P. Na. P. Na. r. Na. 
I. 368.3 311.8 27.8 mg. _— 385.9 317.8 10.2 mg. = 
321.8 . 322.0 
311-5 317-2 
2. 392.9 313-4 3-2 - 393-6 320.5 2.5 — 
315.8 318.6 
316.2 315.0 
3- 394.8 315-7 1.3 _ 394-4 314.3 1.7 
320.3 345.2 
320.2 319.2 
4: 395-2 315-7 0.9 ee 395-5 320.0 0.6 ae 
319.2 - 314-5 


316.2 





311.5 
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The process of equilibration was repeated four times with a view to determining 
the total quantity of phosphate that could be adsorbed by a given quantity of bone 
salt and calcium phosphate. It appears from Table | that the concentration of sodium 
in the liquid phase at equilibrium is the same as that of the original solution, although 
the phosphate concentration of the liquid phase is less than that of the original solution, 
indicating that the adsorption of phosphate by bone salt and calcium phosphate is not 
molecular but must be ionic, involving the exchange of phosphate with some other ad- 
sorbed anions in calcium phosphate and bone salt. In the case of calcium phosphate, 
the adsorbed anion must necessarily be hydroxide, and in the case of bone salt, the ad- 
sorbed anion may be hydroxide and carbonate. Based on this assumption, the analysis 
of the liquid phase at equilibrium was carried out for its total alkalinity. Determination 
of alkalinity in the liquid phase in the presence of a large concentration of sodium 
phosphate was carried out by the ordinary titration methods, and very misleading 
results were obtained. Although there is some variation in the values of the sodium 
content of the liquid phase at equilibrium, it is not regarded as significant because 
the maximum quantity of sodium that can be estimated by the method outlined above 
is 7 mg. i.e., 1/45th to 1/47th of the sodium actually present in the solution. Any 
small error in the estimation of 7 mg. of sodium in the final computation of the results 
will be multiplied 45 or 47 times. Although it has not been possible to establish 
quantitatively the ionic exchange of phosphate from sodium phosphate with the hydro- 
xide of calcium phosphate and with the hydroxide and carbonate of bone salt, the 
adsorption of phosphate by bone salt and calciuin phosphate is regarded as ionic. In 
that case, the ionic adsorption of phosphate by bone sait and calcium phosphate must 
involve exchange reactions between the phosphate of the liquid phase and the adsor- 
bed anions on the solid substances. 


Determination of the Adsorbed Anions in a given quantity of Bone Salt 
and Calcium Phosphate 


The replacement of adsorbed anions of bone salt and calcium phosphate, and 
their consequent release into the liquid phase, when these salts are equilibrated 
with a solution of sodium fluoride, are determined by the concentration of fluoride 
in the liquid phase. As the concentration of sodium fluoride cannot be raised beyond 
4%, that being approximately the solubility of sodium fluoride in water, the quantity 
of adsorbed anions released into the liquid phase cannot be increased above that given 
by a 4% solution of NaF. The quantity of adsorbed anions rcieased into the liquid 
phase with a 4% solution of NaF may either be the total quantity of adsorbed anions 
in a given quantity of bone salt or calcium phosphate or part thereof. To acquire com- 
plete knowledge about the total quantity of adsorbed anions in a given quantity of bone 
salt or calcium phosphate, the method of repeated equilibration, as outlined above, 
had been followed till the liquid phase at equilibrium was not found to contain 
phosphate or alkali, indicating thereby that all the adsorbed hydroxide, carbonate 
and phosphate had been replaced with fluoride. When bone salt was equilibrated with 
4 solution of NaF, the liquid phase at equilibrium contained carbonate and phosphate. 
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4 Due to certain peculiar difficulties, carbonate in the liquid phase has not been deter- 
© mined separately. Its presence in the liquid phase has been covered by the determina- 
. tion of the total alkalinity of the liquid phase. The results are presented in Table IT. 
} 
‘ TaBLe IT 
Bone salt=o0 97522. % Ca=24.041. Ca phosphate=1.2030 g. % Ca=31.91. 
: % P=12.21. Ca:P=2.043. % P=15.96. Ca:P=1.999. 
Bone salt Calcinm phosphate. 
| SI. P in the Alkalinity SI. P in the Alaklinity 
No liquid phase. (N/50-NaOH). No. liquid phase. (N/s0-NaOH). 
I 30.42 mg. 55 00 ¢.c. I 20.02 mg. 40.62 cc 
2 26.36 40.40 2 19 08 43.32 
3 18.80 35-96 3 19.08 41.96 
4 18.56 35 5° 4 18.72 25.50 
5 5-165 30.09 5 17.22 33-58 
6 2.799 17.46 6 16.50 38.02 
7 1.650 19.89 7 15.21 25.82 
8 0.7174 Insignificant 8 13.90 26.21 
9 0 5023 Do 9 13.20 21.42 
10 4.806 14.54 
II 2.368 Insignificant 
Total 104.95 234.3 160.11 310 99 
Bone salt. Ca phosphate. : 
Ca content in the sample 243.2 Ing. 383.8 mg. 
P » » 119.1 192.0 
P removed 104.9 160.11 
Ca left in the sample 243.2 383.8 
P ” ” ' 14.2 31.9 
Ca found in the residue 232.3 376.2 
a 0 - 5-81 25.46 
Ca unaccountable 10.9 7.6 
P ” 8.39 6.44 


The figures for alkalinity given in the table are those obtained after deducting the 
alkalinity due to the sodium phosphate formed in the liquid phase from the total alkali- 
nity of the solution. It will be seen that considerably large quantities of hydroxide and 
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phosphate have been released into the liquid phase. In the case of bone salt, out of 
119.1 mg. of P in the sample taken, 104.9 mg. have been released into the liquid phase; 
5.8 mg. of P have been found in the sample, unreplaced by fluoride. The remaining 
8.39 mg. of P are unaccountable. In the case of calcium phosphate, out of 192.0 mg. 
of P, 160.11 mg. have been released into the liquid phase; 25.46 mg. of P have been 
found in the sample, unreplaced by fluoride. The remaining 6.44 mg. of P are un- 
accountable. The unaccountable phosphorus may be either due to the sum total of 
errors committed in a series of 9 or 11 estimations of phosphorus or due to the dissolu- 
tion of phosphate in water during the washing: of the precipitate or due to both. The 
bone salt in the course of the experiment was washed nine times, and calcium phos- 
phate, 11 times. The figures for alkalinity in the liquid phase seem highly erroneous, 
most likely due to its method of determination. The total alkalinity in the liquid phase, 
in c.c. of N/50-NaOH, is 234.3 in the case of bone salt, and 310.99 in the case of calcium 
phosphate. Assuming that the hydroxide released in the liquid phase is linked in some 
manner with calcium in the molecule of calcium phosphate or bone salt, the quantity 
of calcium corresponding to the alkalinity of the liquid phase has been calculated ; 
1 c.c. of N/50-NaOH = 0.4 mg. of calcium. On this basis, it has been found that in 
bone salt, out of 243.2 mg. of calcium, 93.74 mg. must be associated with the hydroxide. 
Similarly in the case of calcium phosphate, out of 383.8 mg. of Ca, 124.4 mg. must be 
associated with hydroxide. In other words, nearly one third of calcium in the molecule of 
bone salt and calcium phosphate must be associated with hydroxide. This is hardly 
convincing. As quantitative data, the figures for alkalinity have been rejected, and 
what has been accepted is the observation that when bone salt or calcium phosphate 
is repeatedly equilibrated with sodium fluoride solution, hydroxide, carbonate and 
phosphate are replaced by fluoride and released into the liquid phase in quantities which 
are far larger than those anticipated. 

Further, it has been observed (a) that, in the final stages of the replacement of 
the adsorbed anions of bone salt and calcium phosphate with fluoride, the liquid 
phase is not alkaline and contains more fluorine at equilibrium than the original solu- 
tion, indicating the release of previously adsorbed fluorine into the new liquid phase; 
(b) that there is no relationship between the quantity of phosphorus unreplaced in the 
precipitate and the total phosphate of the sample of calcium phosphate or bone salt; 
the quantity of P unreplaced in 4.88% of the total P in the case of bone salt, and 
13.26% of the total P in the case of calcium phosphate. 


DiscuUSSION 


Bone salt and calcium phosphate have been regarded as composed of two parts, 
the labile and the non-labile. Hitherto, no chemical methods have been devised for 
their estimation or for the separation of the one from the other. By repeatedly equilib- 
rating a known quantity of calcium phosphate and bone salt with fresh aliquots of 
sodium fluoride solution, nearly 95% of the total phosphorus of the bone salt, and 87% 
of the total phosphorus of calcium phosphate, and probably an equal percentage of 
hydroxide in the case of calcium phosphate, and of hydroxide and carbonate in the 
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case of bone salt have been replaced with fluoride from sodium fluoride solution, and 
released into the liquid phase. In both the cases, it has not been found possible to 
replace the remaining percentage of anions with fluoride. Can it now be assumed 


that the remaining percentage of anions represents that fraction of bone salt or 
calcium phosphate, which is termed non-labile and real, and that the considerably large 
percentage of anions, that has been replaced with fluoride, represents that part of the 
bone salt or calcium phosphate, which is designated as labile or adsorbed ? The answer 
to this question cannot be unequivocal yes or no, for there is evidence, though. not 
definitely positive, to show that even the remaining percentage of anions in the bone 
salt and calcium phosphate can be replaced with fluoride, provided that fluoride under 
such conditions is adsorbed by these substances. It is seen from the data presented in 
Table II that in the final stages of the replacment of the anions of the bone salt and 
calcium phosphate, the liquid phase is not alkaline and has the fluoride concentration 
higher than that of the original solution, indicating thereby that fluoride not only is not 
being adsorbed by the solid phase but that the previously adsorbed fluoride is also 
being released into the liquid phase. As fluoride is not being adsorbed by the solid 
phase, ihe remaining anions are not being replaced with fluoride, and consequently 
are not being released into the liquid phase. There is, however, another 
possibility to be considered. Fluoride is not being adsorbed by calcium and bone 
salt because there are no replaceable anions left in the solid substance. Under such 
circumstances, the remaining percentage of anions will have to be regarded as that 
fraction of the bone salt or calcium phosphate, which is designated as non-labile 
and real, and the rest of the bone salt or calcium phosphate, as labile and 
adsorbed. However, it does not stand to reason to assume that as large a fraction 
as 95% of the total phosphorus in the bone salt is adsorbed on the remaining 5%. 
Under such circumstances, the only other alternative has to be accepted that 
all the anions in the bone salt or calcium phosphate, at least theoretically, by the 
process of repeated equilibration, can be replaced with fluoride in the manner that can 
be denoted by the Freundlich adsorption isotherm. Thus, the division of bone salt 
and calcium phosphate into labile and non-labile parts has not been found to be correct. 
The capacity of bone salt and calcium phosphate to change their composition with the 
composition of the liquid phase has been found to be inherent in the constitution of 


these substances. 
The constitution of bone salt or calcium phosphate must now satisfy the following 
requirements: 


(a)Whether its chemical composition approximates that by CO,{PO,), or [CO,(PO,),]- 
CaCO,; the precipitate must give an X-ray spectrogram similar to that of the apatites. 


(b) Its composition must be determined by the composition of the liquid phase 
from which it is precipitated. 

(c) When equilibrated with a new liquid phase, it must change its composition 
in conformity with the composition of the liquid phase without undergoing initial dis- 
solution and subsequent reprecipitation. 
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(d) All the anions in the precipitate, at least theoretically, by the process of re- 
peated equilibration must be replaceable with fluoride in the manner that can be 
denoted by the Freundlich adsorption isotherm. 
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MACHANISM OF CALCIFICATION 


By T. K. WapHWANI 


The mechanism of calcification, both primary and secondary, has been expla‘ned in the light of 
both the available data and the constitution of bone salt as presented in the previous communication. 


The explanation of the mechanism of calcification has so far been attempted 
on the basis of plasma being supersaturated with respect to either Ca;(PO,). 
(Holt, LaMer and Chown, J. Biol. Chem., 1925, 64, 509; Holt, ibid., 1925, 64, 
579) or CaHPO, ‘Shear and Kramer, ibid., 1928, 179, 125). The degree of 
saturation of the plasma with respect to these calcium phosphates has been adduced 
from the equilibration studies of calcium phosphate with solutions containing calcium, 
phosphate, carbonate and other ions, and from the concentration of these ions in the 
plasma. Aside of the evidence against the usefulness of the theory of plasina being 
supersaturated in regard to Ca;(PO,), or CaHPO, in explaining the mechanism of 
calcification (Robinson and Soames, Biochem. J., 1924, 18, 740 ; 1926, 19, 1533 Sendroy 
and Hastings, J. Biol. Chem., 1926, 71, 783, 797; Greenwald, ibid., 1926, 67, 1; 
Klinke, Klin Woch., 1927, 6, 791 ; Shipley et. al., Biochem. J., 1926, 20, 379 ; Kramer 
et. al., Bull. Johns Hopkins Hosp., 1927, XLI, 4263 Shipley and Holt, ibid., 1927, 
XLI, 1) it needs to be pointed out that though it has been recognised that the bone salt, 
that first forms, is different from the one that is finally present in the system, the 
application of the law of solubility product to the precipitation and dissolution of bone 
salt would imply that the bone salt is a single chemical entity. In other words, the 
solubility product of the bone salt would be a constant, and the precipitate would re- 
main in solution at the ionic concentration little less than that at which it will precipi- 
tate. Logan and Taylor (J. Biol. Chem., 1937, 119, 293), who were the first to point 
out this discrepancy in the consideration of the application of solubility product law 
to the precipitation and solution of bone salt, showed that the ion product (Ca?*)* x 
(PO,°-)? increased as the amount of the bone salt equilibrated with the solution of 
their ions decreased below 150 mg. per litre and the ion product (Ca**)* x (PO,°~)?, at 
which the precipitate would form, was much greater than that at which it would dissolve. 
On the basis of their findings, Logan and Taylor (J. Biol. Chem., 1938, 125, 377) 
suggest that the precipitate, which first forms, may be Ca;/PO,),, and that subse- 
quently, this may adsorb from the liquid phase additional ions, such as Ca** and CO,”~ 
below their solubility product, or may form solid solutions. Larger therefore the 
quantity of solid equilibrated with a solution of its ions, greater will be the removal of 
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the ions from the solution, either by adsorption or by the formation of solid solutions. 
Under such circumstances, the greater removal of ions from the liquid phase is likely 
to be mistaken, as was done by Holt et al. (loc. cit.), as due to the precipitation on 
account of its supersaturation. To determine correctly the ion product mecessary 
for the formation of the precipitate, Logan and Taylor (loc. cit.) equilibrated the 
minimum quantity of the solid with the solution for the adsorption of the ions by the 
solid will be the least when the quantity of the solid is the lowest. By this method, 
Logan and Taylor have found that, when the ion product is expressed as (Ca**)* x (PO,*~)’, 
the value approaches 10~**, which is the value of the ion product (Ca**)* x (PO,°~)’, 
calculated from. the calcium and phosphate concentration and ps of the plasma, but 
when calculated as (Ca**) x (HPO,?~), the value approched 10~°**, which is the value 
for the solubility product of CaHPO,. From these findings, Logan and Taylor have 
drawn the following two conclusions: (a) It may be that the ion product, (Ca**) x 
(HPO,?~), is the deciding factor in the initiation of precipitation even though CaHPO, 
as a crystal entity is not produced under these conditions. (b) It is not possible 
to decide whether the plasma is just undersaturated, saturated, or at times, slightly 
supersaturated with respect to tricalcium phosphate. In this connection, it is necessary 
to mention that Shipley, Kramer and Howland (loc. cit.) obtained calcification in vitro 
and not precipitation when they equilibrated ricketic bone with a solution containing 
inorganic constituents in ionic concentration below the solubility product of either 
CaliPO, or Ca,(PO,),. Calcium phosphate was deposited in a marrow zone across 
the epiphyses exactly analogous to the line test obtained in calcification in vivo, and 
it was not deposited in any other part of the bone. The supernatant solution was clear, 
indicating that the solution was not saturated with respect to calcium and phosphate, 
and that there was no precipitation. 

































If it is assumed that the bone salt precipitates from the plasma because the ion 
product, (Ca**)* x (PO,°)? or (Ca**) x (HPO,?), exceeds the solubility product of 
Ca, (PO,), or CaHPO, respectively, there are two possibilities as to the nature of the 
precipitate thus formed. The precipitate formed is either CaHPO, or Ca,(PO,',. As 
it has been shown that the plasma is undersaturated with respect to CaHPO,, it cannot 
be assumed or accepted that CaHPQ, is precipitated from the piasma because the ion 
product, (Ca**) x (HPO,’-), exceeds the solubility product of CaHPO,, or in other 
words, because the plasma is supersaturated with respect to CaHPO,. That the 
precipitate formed is Ca,(PO,), cannot-be accepted on the following grounds: (a) A 
compound of the type represented by this formula has never been prepared or found 
in nature ; (b) it has not been definitely shown that the blood plasma is supersaturated 
with respect to this salt; (c) solutions of calcium and phosphate of the same ionic 
concentration as plasma have been prepared and kept for long periods without causing 
precipitation ; (d) if it is accepted that Ca,(PO,), precipitates because the plasma is 
supersaturated with it, it would follow that there would be an indiscriminate and 
wide-spread deposition of calcium phosphate in all parts of the system. It would not 
be possible under such conditions to explain as to why calcium phosphate is deposited in 
the bone only. 
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It, however, cannot be denied that calcium and phosphate, by virtue of the balance 
between absorption and excretion of these elements by the system, exists in the plasma 
in a more or less saturated state. It is likely that under certain physiological con- 
ditions, the balance between absorption and excretion of calcium and phosphate by 
the system, and the equilibria among different fractions of calcium, and among different 
fractions of phosphorous, are disturbed in a manner as to cause supersaturation of 
these elements in the plasma and their consequent precipitation in some form. Even 
under such conditions, it cannot be explained as to why calcium phosphate is deposit- 
ed necessarily in the bone, Laskowski (Biochem. Z., 1933, 268, 401), Greenberg, 
Larson and Tufts (Proc. Soc. Exp. Biol. Med., 1934, 82, 647), Mclean and Henrichs 
(Amer. J. Physiol., 1938, 121, 580) have shown that, when the concentration of either 
calcium or phosphate is sufficiently increased in blood plasma, ‘‘a colloidal calcium 
phosphate complex is formed which is prevented from settling out by virtue of the 
protective action of protein colloids.’’ Very little is known regarding the conditions 
that lead to the formation of such a complex colloidal calcium phosphate, its exact 
nature, its place of deposition and its mode of elimination by the system. 


It can be safely concluded therefore that under normal conditions bone salt can- 
not form spontaneously from the plasma by virtue of its saturation or supersaturation 
in it, and if, under abnormal conditions, it does form, it cannot be deposited necessarily 
in the bone. For the deposition of calcium phosphate in the bone, it is therefore 
necessary to assume that the ionic concentration of calcium or phosphate or of both 
is increased locally within the bone cell in a manner as to cause supersaturation and 
consequent precipitation of calcium phosphate in some form within the bone cell only. 
Bone cell therefore must be assumed to possess some mechanism whereby the ionic con- 
centration of calcium or phosphate or of both is raised locally. ‘Though it is not the 
purpose of this communication to discuss this mechanism in the bone cell, it is con- 
sidered relevant to mention that some such mechanism in the bone cell has been demon- 
strated by Robinson (Biochem. J., 1923, 17, 286), whereby the concentration of ionic 
phosphate is raised within the cell. 

What is the nature of calcium phosphate thus precipitated within the bone cell ? 
Is it CaHPO, or is it the so-called tricalcium phosphate ? For reasons already men- 
tioned above, and in the previous communication, it is ruled out that the precipitate, 
first formed within the bone cell is tricalcium phosphate. Under the circumstances, 
it remains to be accepted and ptoved that the precipitate is CaHPO,. No direct 
evidence can be put forth to confirm or contradict this. In the light of the results 
and arguments presented in the preceding communication, it is assumed that the ion 
product, (Ca”*) x (HPO,?"), within the bone’ cell and because of it, exceeds the solu- 
bility product of CaHPO, which is consequently precipitated. As the cellular fluid 
is alkaline, and CaHPO, is unstable in alkaline medium, the precipitate of CaHPO, 
undergoes an intramolecular reaction, somewhat represented by the following equation : 


3CaHPO, ati Ca,PO, + H;PO,, 


resulting in the formation of the substance which has the crystal lattice of an apatite 
structure. This is the mechanism of primary calcification. The precipitate, though 
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has the X-ray spectrum similar to that of the natural apatite, may not, at first, have a 
similar chemical composition, but the precipitate possesses the forces and the spaces 
necessary for the formation of such an apatite. When brougl.t in contact with the 
solution of the necessary ions in required concentration, the precipitate will form the 
substance similar to the natural apatite in chemical composition as well as in X-ray 
spectrogram. It has been shown in the preceding communication that as sodium 
chloride in the presence of silver nitrate changes to sodium nitrate according to the 
laws of chemical proportions, bone salt and calcium phosphate, by virtue of the nature 
of the forces responsible for the placement of their components in the crystal lattice, 
react with other anions in the manner that can be mathematically denoted by the 
Freundlich adsorption isotherm. It is by virtue of this property that bone salt, wien 
brought in contact with a solution of anions, its own or foreign, takes up some 
anions from the liquid phase or releases some anions from the solid phase into the 
liquid phase or exchanges its anions with the anions of the liquid phase in accordance 
with the laws of adsorption. It is by such a mechanism that the initial calcium phos- 
phate precipitate in the bone cell undergoes secondary calcification. The initial 
calcium phosphate precipitate in the bone cell comes to equilibrium with the plasina by 
taking up the anions from the plasma and releasing some anions in the plasma or by 
exchanging its anions with the anions of the plasma in the manner of the Freundlich 
adsorption isotherm. In other words, the precipitate changes its composition in con- 
formity with the composition of the plasma, and any change therefore in the composi- 
tion of the plasma will be reflected by a change in the composition of the precipitate. 
It would be now easy to explain as to why the composition of the bone salt is different 
under different physiological conditions, for difference in physiological conditions may 
also mean difference in the composition of the plasma. ‘The variations in the carbonate, 
magnesium and sodium content of the bone salt under different physiological conditions 
may therefore be assumed to be due to the variations in the carbonate, magnesium 
and sodium content of the plasma under such conditions. In fresh calcification, 
Kramer and Shear (J. Biol. Chem., 1928, 79, 147) observed that the ratio, residual 
calcium: phosphate, had a high value of 2.23 + 0.03. This can now be easily explain- 
ed. The precipitate that forms as a result of the intramolecular reaction of CaHPO,, 
has, immediately after its formation, the maximum phosphate content, because it is 
formed as a result of supersaturation. The precipitate comes to equilibrium with the 
plasma whose phosphate concentration is lower than that of the fluid in the bone cell 
at the time of precipitation by exchanging its phosphate with hydroxide and carbonate 
of the plasma. As the carbonate content of the bone increases with age, in fresh calci- 
fication the carbonate content is the lowest, and therefore, the residual calcium, and 
in consequence, the ratio, residual calcium : phosphate, is the highest. 

As a corollary to the arguments presented above, it now can be said that the ionic 
concentration of calcium and phosphate in the plasma is not the most important factor 
that determines primary calcification. Primary calcification is essentially determined 
by the capacity of the bone cell to raise within itself the concentration of calcium and 
phosphate to such an extent as to cause the precipitation of CaHPO,. If under certain 
physiological conditions, calcification does not take place or is retarded, the failure 
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cannot be ascribed entirely to the low ion product of (Ca**) x (HPO,?~). The failure 
may be due to either or both of the following causes: (i) ‘The ion product necessary 
for the precipitation of CaHPO, cannot be obtained within the bone cell as the capacity 
of the bone cell to raise within itself the concentration of calcium or phosphate or of 
both is impaired. (ii) Due to the disturbance in the balance between absorption and 
excretion by the system, the ionic concentration of calcium or phosphate or of both is 
so low that, in spite of the bone cell, it cannot be raised to a level necessary for the 
precipitation of CaHPO,. 

For similar reasons, the application of solubility product law to the ionic concen- 
tration of calcium and phosphate in the plasma would not throw much light on the 
nature of calcium phosphate first formed or on the mechanism of primary calcification. 

The secondary calcification is governed by the ionic concentration of the elements 
in the plasma, for the uptake of carbonate, hydroxide, magnesium, sodium, potassium 
and other ions by the bone salt will be greater, larger their concentration in the plasma. 

The author wishes to thank Prof. K. V. Giri for his keen interest in this work. 
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A STUDY OF COLOURS PRODUCED BY COPPER OXIDE IN 
SODA-BORIC OXIDE GLASSES 


By D. Lanrri 


Five series of glasses, the compositions of which were varied from 70% B,O; and 30% Na gO to 90% 
B,0O; and 10% NajO, were made. [Each series consisted of glasses in which CuO in varying proportions 
not exceeding 2% was introduced during melting. Cu?* and Cu* copper contents of the glasses were 
estimated chemically and spectral transmission at 430, 455, 480, 505, 550, 575, 600 and 630 mu wave- 
lengths was measured. Results indicated that Cu* copper had no effect on the absorption of light. 
For the same Cn?* copper content, absorption on the red side of the spectrum decreased continuously 
with the increase of B,O;. Absorption on the blue side on the other hand increased with the increase 
of B,O3; up to 80%. Further increase caused a decrease in the absorption. An expianation on 
the basis of structure of soda-boric oxide glasses has been offered to account for these changes. 


The present communication forms a part of a systematic investigation undertaken to 
study the colour of glasses containing copper in relation tothe basic glass composition 
and the state of oxidation of copper ion. 

Copper has been used from ancient times for the production of coloured glasses. 
It is generally introduced into the glass batch as CuO. During melting of the 
glass CuO dissociates partially, forming Cu,O0 and gives colour ranging from greenish 
blue to bluish green. ‘The nature of the colour should depend upon the Cu* and Cu’** 
ion contents and their environment, all of them being altered by the glass composition 
and the thermal history of the glass. 

Weyl (J. Soc. Giass. Tech., 1943, 27, 133, 295; 1944, 28, 158, 267; 10945, 29, 280; 
1946, 30, 90) has made a thorough survey of the existing literature on coloured glasses. 

Bancroft and Nugent (J. Phys. Chem., 1929, 38, 724) studied the effect of tempera- 
ture and glass composition on cuprous-cupric equilibrium in glasses containing B,O, 
and Na,Q. Copper was introduced as CuO. Cu,O content of the glasses was deter- 
mined by treating the glass with acidified ferric sulphate and titrating the ferrous sul- 
phate formed by oxidation of Cu,O. It was found that the percentage of CuO in the 
melt increased with increasing alkalinity and decreased with rising temperature. 


EXPERIMENTAL 


Basic Glass Composition.—Five series of glasses, the basic compositions of which 
are recorded in Table I, were made. Each series consisted of glasses containing CuO 
in varying proportions. Originally only three series of glasses (Series 1, 3 and 5) were 
made but as the results showed some irregularities, two more series of glasses were made. 


TABLE I 
Series te 2. 3 4. . 
ByO3(%) 70 75 80 85 go 
Na,O(%) 30 25 20 15 10 
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Preparation of Glass.—Each of the glasses was made by fusing a mixture weighing 
about 25g. of pure and dry sodium carbonate, boric acid and cupric oxide in a 30 ml. 
platinum crucible, heated over a Tirril burner. The total time taken for the melting 
of each glass wes about 1 hour. No attempt was made to maintain the crucible at any 
particular temperature. 


When the molten glass was found reasonably free from air bubbles, it was poured 
inside an iron mould, kept on a cast iron plate. Rectangular glass slabs were obtained 
measuring 1.2” in length, 0.5” in width and about 0.3” in height ; usually two slabs were 
obtained from each melt. ‘The slabs were annealed by cooling from the upper annealing 
temperature in an electric muffle furnace. Rate of cooling was about 1° per minute in 
the annealing range. 

Measurement of Transmission.—Spectral transmission of the glasses was measured 
in a Bosch and Lomb photoelectric colorimeter provided with monochromatic interference 
filters for 430, 455, 480, 505, 550, 575, 600 and 630 my wave-lengths. During the mea- 
surement of transmission the glasses were kept immersed in benzene to prevent scat- 
tering of light due to roughness of the surface. Thickness of the glasses was mea- 
sured by a micrometer screw gauge. 


For the purpose of comparing absorption at different wave-lengths, extinction 
coefficient (K), was calculated from each of the transmission values. The following 
formula due to Bunsen and Roscoe was used : 


where J/I, = fraction of light transmitted ; L = thickness of the specimen in inches 
and K = extinction coefficient. 

Thus, a glass of thickness 0.31” showing 50% transmission at a particular wave- 
length has the value of extinction coefficient K for that wave-length equal to 0.97. 


Determination of Cuprous and Cupric Copper.—Total copper in glass was deter- 
mined by the standard iodimetric method. 


For the determination of cuprous copper, coarsely ground glass (2 to 3g.) was 
accurately weighed into a conical flask fitted with a Bunsen valve. About 50 c.c. of 
water was added to it and the contents were boiled for about 5 minutes to decompose 
the glass completely. ‘The flask was then cooled and to it was then added a mixture 
consisting of 5 ml. of HCI (conc.), 5 ml. of N/10-FeCl, and 20 ml. of distilled water. 
The solution in the flask containing ferrous iron, formed by the reduction of ferric iron 
by Cu,0, was titrated against N/s50-K,Cr,0O, using diphenylamine as an indicator, 
A mixture consisting of 1.5 ml. of concentrated sulphuric acid, 1.5 ml. of concentrated 
phosphoric acid and 7 ml. of water was added to the solution before titration. 


The above method was first tried on synthetic mixtures containing Cu,0, Na,CO; 
and H;BO,, and a few soda-boric oxide glasses, Results reproducible within 2.5% 
were obtained, 
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Cupric copper was calculated by subtracting cuprous copper from total copper. 
Results are summarised in Tables II to VI. In each of the tables glasses have been 
arranged in order of increasing cupric copper content. 


Curves showing the effect of glass composition on transmission at different wave- 
lengths of light are reproduced in Fig. 1. Spectral transmission of three glasses, one 
from each of the series 1, 3 and 5 containing about 0.6% cupric copper, are shown in the 
figure, 
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Wave-length in mp. 
Figs. 2-3 show the effect of Cu** copper content on the extinction coefficient at 430 
and 630 mz wave-lengths respectively. 


Fig. 4 shows the effect of composition on the extinction coefficient at 430 and 630 
my wave-lengths of glasses containing 0.5% Cu** copper. 
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TABLE II 


: B,O,;=70%, Na,O=30% (Series 1). 


Extinction coefiicient(wavelength in m/z 


505. 


0.06 
0.31 
0.45 
0.89 
111 
1.54 
1.74 
1.84 
2.38 


55° 


0.07 
0.66 
1 09 
2.12 
2.58 
3-58 
3 88 
4.16 
5.30 


575- 


0.09 
0.78 
1.31 
2 53 
3 18 
4.25 
4 61 
4.81 
5-97 


600 


0.09 
1.26 
2.22 
4.18 
474 
5-85 
6.27 
6 42 


630 


O11 
1.41 


2.47 


5 06 
6.25 


Extinction coefficient (wave-length in my). 


f 


480. 


O.II 


35 


0.63 
0.68 


” 
“ss wow 


n > 


575- 


0,46 
1.40 


2.26 


3-87 
1 


O=20% (Series 3). 


630. 
0.93 
2.76 
4 31 
4.40 
6.21 


Extinction coefficient (wave-length in ms). 


595- 


0.28 
0.60 
1.01 
1.27 


1.89 


550. 


0.50 
I 04 
1.79 
2.12 


3.08 


575: 
0.27 
0.60 
1.25 
2.13 
2-55 
2.78 
3.646 


600. 


1.13 
2.19 
3 62 
4.22 


5-64 


630. 


0 56 
1.27 
2.50 
4.01 
4.57 
5-45 
6.05 


Extinction coefficient (wave-length in maz). 


480. 


0.09 
0.25 
0.38 
0.49 
o 88 


575- 


0.19 
0.48 
0.71 
0.89 
1.51 


Glass Copper as CuO 
No. ‘Total. Cuprous. Cupric. 430 455- 480. 
33A 0.086% 0.062% 0.024% 0.09 o 08 0.06 
35 0.404 0.303 0,101 0.26 0.23 0.24 
34 0 313 0.141 0.172 0.28 0.25 0.32 
35A 0.577 0.239 0.338 0.55 0.47 o 61 
38 0.816 0.435 0.381 o 85 0.78 0.90 
36 0.905 0.374 0.531 1.06 0.87 1.08 
37 1.019 0.433 0.586 1 28 3.04 1.25 
37A 0 996 0.332 0.664 1.35 1.10 1.27 
38A 1.222 0.405 0.817 1.77 1.44 1.69 
TABLE III 
Basic composition : B,O,=75%, Na,O=25% (Series 2). 
Copper as CuO 
Glass 
No. Total. Cuprous. Cupric. 430. 
67 0.166% 0.083% 0.083% 0.11 
68 0.359 0.129 0.230 0.38 
69 05572 0.202 0.370 0.76 
70 0.672 0.275 0.397 0.86 
71 1.035 0.387 0.648 1.82 
72 1.235 0.468 0.767 2.44 
TABLE IV 
Basic composition : B,O,=80%, Na, 
Glass Copper as CuO 
No. ‘Total. Cuprous. Cupric. 430 455- 480. 
59 0.147% 0.052% 0.095% 0.16 0.10 
‘50 0.281 0.102 0.179 0 34 O 31 0.25 
51 0.504 0.183 0.321 0.83 9.69 0.57 
2 0.762 0.266 ©.496 1.45 1.19 0.95 
53 0.902 0.326 0.576 1.80 1.53 1.20 
78 1.050 9.312 0.738 2.18 the 1.33 
54 1,184 0.371 0.813 2.75 2.33 1.79 
TABLE V 
Basic composition : B,0,;=85%, NasO=15% (Series 4). 
Glass Copper as CuO 
No. Total. Cuprous. Cupric. 430. 
74 0.298% 0.155% 0.143% 0.12 
75 0.533 0.214 0.319 0.36 
76 0.694 0.327 0.367 0.55 
77 0.877 0.388 0.489 0.73 
78 1.164 0.477 0,687 1.35 
73 1.350 0.516 0.834 1.60 


1.05 


1.85 


630. 


0.51 
1.13 
1.50 
1.97 
3.10 
3 84 
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TasBLe VI 


Basic composition : B,O0;=90%, Na,O=10% ‘Series 5). 


Copper as CrO Excinction coefficient (wavelength in my). 
Glass 
No. Total. Cuprous. Cupric 430. 455. 180 §05 55° 575- 600 630 
41 0.257% 0.167% 0.090 % 0,08 0 08 2 08 0.08 0 10 0.12 ) 22 0.28 
42 0.375 0.248 0.127 0.09 0.09 0 08 » 09 oll O14 0.3? 0.36 
43 0.528 0.342 0.186 0.21 0.19 0.19 0.18 0.24 0.27 0.50 0.62 
44 o 815 0.411 0.404 0.31 0.28 0 23 0.23 0.34 0.41 0.90 I 09 
45 =: 1.092 0 565 9.527 049 043 9.306 035 49 .0.56 1.17 1.40 
46 1.262 0.657 0,005 0.56 0.49 0.38 0 37 0 50 0.60 I 31 1.59 
47 1.552 0 729 0 823 0.85 072 0.57 0 56 0 84 Tor 2.07 2.47 
48 1 738 0.835 0.903 1.04 0 89 0 66 0.68 © 94 1,12 2.33 2.75 
49 1.941 0.859 1.082 1.14 0.95 0.70 0 69 1.07 1.30 2.66 3.10 


DIiIscuSSION 


Transmission curves in Fig. 1 indicate the presence of two absorption bands, one at a 
wave-length less than 430 mp (blue) and the other at a wave-length greater than 630 mp 
(red). "he extension of these bands in the visible region is responsible for the colour 
of the glasses. ‘The effect of increasing B,O; progressively up to 80% B,O, is to increase 
absorption in the blue and decrease absorption in the red. Further increase of B,O, 
decreases absorption both in the red and in the blue. The position of maximum trans- 
mission, Which mainly determines the colour, chauges continuously towards the red as 
the B,O,; in the glass increases. Hence, the effect of the addition of progressively larger 
amounts of B,U, up to 80% is to make the glasses more greenish. Further addition of 


B,O,; not only makes the glasses more 

















Fic. 2 

greenish but also lighter. Tables 

7 II to VI also show similar results. 
; Figs. 2 and 3 show that for gla- 
sses of any particular series, the 
5 €xtinction coefficients at 430 and 630 
2 mp (wave-lengths nearest to the ab- 
2 P sorption bands) increase gradually 
s with the increase of Cu** ion con- 
; 3 tent, in spite of the fact that the 
3 Cu* ion content varies widely in 
g 2 different glasses. This indicates 
that Cu* copper has no effect on the 
I absorption of light. The curves are 
almost straight lines indicating that 
absorption due to Cu** ion at 630 


0.2 0.4 0.6 0.8 10 1.2 and 430m+# follows Beer's law appro- 


%Cu?* as CuO. ximately. 
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Fig.4 shows that at 630 mp the extinction coefficient decreases continuously with 
the increase of B,O;, whereas at 430 mp it does not show any such regularity. With 
the increase of B,Os;, extinction coefficient at first increased and then decreased. In order 
to explain these absorptions, reference may be made to the work of Biscoe and Warren 
(J, Amer. Ceram. Soc., 1938, 21, 287) and Wey] (loc. cit.). 


By the Fourier analysis of X-ray diffraction pattern, Biscoe and Warren (loc. cit.) 
determined the structure of boric oxide and soda-boric oxide glasses. They found the 
B,O, glass to consist of a random network in which each boron was surrounded by 3 oxy- 
gens forming BO, triangles, each oxygen being bonded to two borons. Soda-boric oxide 
glasses also consist of a random network in which some of the borons are surrounded 
by 3 oxygens and others by 4, forming BO, tetrahedrons (like SiO, tetrahedrons in 
SiO, glass), the Na* ions taking their position in holes of B—O network. Biscoe and 
Warren then applied these results to explain the anomaly in expansion coefficient of 
soda-boric oxide glasses, observed previously by Gooding and Turner (J. Soc. Glass 
Tech., 1934, 18, 32). These authors found that up to about 16% Na,O, soda-boric 
oxide glasses rapidly decreased in expansion coefficient. Further increase in Na,O 
caused an increase in expansion coefficient. The anomaly was explained on the assump- 
tion that the effect of Na,U up to about 16% Na,U was to increase the number of boron 
atoms co-ordinated tetrahedrally to 4 oxygen atoms. Beyond about 16% Na.O the 
tendency of boron atoms to change from triangular to tetrahedral co-ordination begins 
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to fall off, the number of single bonded oxygen increasing from this stage as the Na,O 
is increased. 

The light absorption by an ion, according to Weyl, who has discussed this from 
the theoretical standpoint, depends upon its surroundings and therefore on its position 
in the glass structure. Colouring ions such as Ni**, Co**, Fe**, Cu®* ete. can occupy 
network-forming position similar to that occupied by B, Si etc., as well as network- 
modifying position similar to that occupied by alkali ions. The former position is 
favoured by the basic constituents (Na,O in this case) and the latter by the acidic con- 
stituents (B,O, in this case). 

Since Cu’* ion in network-forming position is favoured by Na,O and since the 
extinction coefficient at 630 mu of the glasses; made increases with the increase of 
Na,O, it may be concluded that Cu** ion in network-forming position is responsible 
for the absorption in the red. 

Cu** ion in network-modifying position is favoured by B,O,. If the absorption 
at the blue end (430mp) were simply due to Cu** ion in network-modifying position, 
extinction coefficient at the blue end would continuously increase with the increase of 
B,O; iu glass. But the extinction coefficient at first increased and then decreased. This 
can, however, be explained on the assumption that Cu** ion in network-modifying posi- 
tion may be bonded (by polarisation) to either BO, tetrahedra or BO; triangles, the former 
being responsible for the absorption in the blue and the latter contributing nothing to 
the absorption of light and that the change of BO, triangles to BO, tetrahedra takes place 
up to about 20% Na,O. Although increase of Na,O decreased concentration of Cu” ion 
in the network-modifying position (according to Weyl), but up to about 20% WNa,O, the 
concentration of (network modifying) Cu’** ion bonded to BU, tetrahedra was increased 
due to the increase in the ratio of BO, to BO;. Further increase decreased the concen- 
tration of Cu’’ ion bonded to BO, due to the fact that the ratio of BO, to BO, triangles 

remained constant, but the concentration of Cu** ion in network-imodifying position was 
decreased. 
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MOLECULAR THICKNESS OF THE STABILISER FILM IN 
XYLENE/WATER EMULSIONS 


By S. C. RAKSHIT 


Bancroft’s theory and “oriented wedge’’ theory of emulsification were tested by examining 
the molecular thickness of the interfacial films in xylene/water emulsions, stabilised by soaps (sodium 
myristate and sodium laurate) and saponin. 

In soap-stabilised emulsions the interfacial films are unimolecular, and thus, fit in with the 
“oriented wedge’’ theory. On the other hand, Bancroft's theory appears to hold for saponin- 
stabilised emulsions, where the interfacial films are probably not unimolecular. 


The formation of a film of emulsifying agents a round emulsion droplets has been 
known for many years (Weigner, Kolloid Z., 1914, 15, 105; Sheppard, J. Phys. Chem.- 
1919, 23, 634). Of the many theories of emulsification put forward so far, Bancroft’s 
theory (J. Phys. Chem., 1913, 17, 515; cf. Bancroft et ai., ibid., 1927, 31, 1681) 
and ‘“‘oriented wedge” theory (cf. Finkle, Draper and Hildebrand, J. Amer. Chem. 
Soc., 1923, 45, 2780) explain the observed facts better than the others. Bancroft‘s 
theory holds that an interfacial film round any emulsion globule would be polymolecular 
or, at least, bimolecular. By sending bubbles of benzene through sodium oleate 
solution, Seymour, Tartar and Wright (J. Phys. Chem., 1934, 38, 839) found the 
interfacial adsorption of the emulsifying agent to be always higher than that required 
for a unimolecular layer. From their earlier experiments similar conclusions were 
also reached by McBain and Du Bois (J. Amer. Chem. Soc., 1929, 51, 3534). The 
later experiments of McBain and Humphreys (J. Phys. Chem., 1932, 36, 300), however, 
indicate that the film is a unimolecular one. The experiments on the adsorption of 
sodium oleate and sodium palmitate at beuzene/water and toluene/ water interfaces led 
Nonaka (J. Soc. Chem. Ind. Japan, 1928, 31, 277) to suggest that the adsorbed inter- 
facial films were of unimicellar rather than unimolecular order. 


On the other hand, Griffin (J. Amer. Chem. Soc., 1923, 45, 1648), Harkins (Colloid 
Symp. Monograph, 1927, vol. V) and Fischer and Harkins (J. Phys. Chem., 1932, 36, 
98) found the adsorbed film to be unimolecular in nature. Van der Meulen and Rieman 
(J. Amer. Chem. Soc., 1924, 46, 876) and Martin and Herman (Trans. Faraday Soc., 
1941, 87, 25) interpreted their results in terms of the unimolecularity of the adsorbed 
film. Their results are in conformity with the “‘oriented wedge’’ theory of emulsifica- 


tion. In view of the conflicting results, mentioned above, we have investigated the 


interfacial adsorption in some emulsion systems using different stabilisers to ascertain 
the molecular thickness of the interfacial film. ‘The emulsions investigated consisted 
of the same dispersion medium and the disperse phase, viz., water and xylene respec- 
tively, and the emulsifying agents used comprised two soaps (sodium myristate and 
laurate) and a glycoside (saponin), 
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EXPERIMENTAL 


Preparation of the Emulsifiers and the Emulsions.—The two soaps (Na myristate 
and Na laurate) were prepared by treating the respective pure fatty acids in alcoholic 
solution with sedium hydroxide. The resulting soap solutions were evaporated on a 
water-bath, the soaps refluxed with excess of alcohol and allowed to cool. The process 
was repeated several times. Finally, the soaps were washed with ether, dried first on 
a water-bath and then in a vacuum desiccator. The other emulsifier, saponin, was the 
product supplied by Eastman, Kodak & Co. ‘The physical characteristics of saponin 
supplied were (a) prominent absorption at A = goomp, (b) pu of 0.25% solution = 4.7 
and (c) sp, conductivity of o 25% solution = 5.4 x 1o~* mhos. 

In all cases, 20% emulsions of xylene/water were employed. ‘The emulsions were 
prepared by hand-shaking the requisite proportions of the ingredients vizorously and 
intermittently for 5 to 7 minutes. In view of tke low solubility cf sodium myristate, the 
dilute aqueous solutions of the soap required for emulsification were prepared by a little 
warming ‘to about 45°). 

Creaming and Analysis.—The emulsion, sv prepared, was allowed to stand ina 
separating funnel for 120 hours, a time long enough for its creaming to the fullest 
possible extent. It was incidentally assumed that the time allowed was enough for the 
steady distribution of the globule sizes of the emulsion. This static method of creaming 
was preferred to the centrifugal separation (cf. Fischer and Harkins, loc. cit, Martin and 
Herman, loc. cit.) in that it rules out the possibility of either the breaking of the emul- 
sion globules or disturbing the equilibrium adsorption at the interface. 


After expiry of 120 hours, the ciear aqueous phase containing the excess of the 
emulsifier in solution was separated without distcrbing the cream. A definite volume 
of the aqueous phase was treated with H,SQ,, the liberated fatty acid extracted with 
ether, the ethereal solution washed with distilled water several times to remove the 
last traces of H,SO,, the ether evaporated off, the fatty acid taken up with neutral 
alcohol and titrated against a standard NaOH solution. Sodium was determined gravi- 
metrically as Na,SO,. 

In the case of saponin-stabilised emulsions, the amount of adsorption was deter- 
mined from measurements of absorption of light in a Beckman spectrophotometer. 


A Beer’s law curve 
(10g i against c) 
t 


for dilute solutions of saponin was first drawn at A = 400 mp by observing the intensities 
of the transmitted light. Now, the aqueous phase containing saponin, after separation 
from the cream of emulsion, was examined at a stipulated time (i.e..120 hours after the 
preparation of the emulsions) in the spectrophotometer. From the observed values 
of transmission, the concentration of saponin in the unknown solution was obtained 
from the standard curve. In order to minimise the discrepancy due to any possible 
effect of time or age of the saponin solutions on their transmission values, the measure- 
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ments for the standard solutions of saponin were carried out 120 hours after their prepa- 


ration, a time identical with the one for which the emulsions themselves had to stand 
for creaming. 


Photomicrograph and Measurement of Globule Size.—A small portion of the emul- 
sion, taken in a slide and covered with a cover-slip, was focussed under a microscope, 
the eye-piece of the latter being substituted by a camera for photography. The total 
magnification produced by this particular set of camera and microscope was previously 
determined by photographing a calibrated 0.1 mm. scale. The plate bearing the 
negative prints of the globules was clamped to a transparent glass plate with a squared 
paper in between. This was suspended vertically and a beam of light sent from the 
other side. The sizes of the globules were read off and the average was determined 
from a consideration of 1500 to 2000 globule sizes. The photomicrographs were taken 
on the same day the aqueous phase was separated from the cream for analysis. 


Estimation of the Thickness of the Interfacial Film.—To calculate the thickness 
of the interfacial film from the amount of the stabiliser adsorbed at the interfacce, 
Harkins and Fischer (loc. cit.), Griffin (loc. cit.) and Martin and Herman (loc. cit.) 
calculated the area in sq. A available for each molecule of the stabiliser adsorbed at 
the interface. In the present investigation, direct calculation of the thickness in terms 
of layers of closely packed molecules was made from the easily deducible formula 


_ WrAN 


: 3VM ’ 


where W = wt. ing. of the stabiliser at the interface, r = average radius of emulsion 
globules, A = cross sectional area of the stabliser, N = Avogadro's number, V = 
volume of xylene used, M = molecular weight of the stabiliser and ¢t = molecular 
thickness of the film. The results are recorded in the following tables. 


Molecular Thickness (t) of Adsorbed Films 


TABLE I 


20% Emulsion of xylene/water stabilised by soap. A = 23 * 107** cm’. N = 6.06 10". 


A. Sodium myristate (M.W. 250.3). B. Sodium laurate (M.W.222.3). 
Conc. of Wx103, _r (micron). Vv. t. Cone. of Wx103. (micron). V. t. 
soap soln, soap soln. 
535% 12.31 B. 6.18 16.2.¢.c. 0.89 0.40% II.21 g. 640 1I3.11Cc. 114 
0.50 13.17 5-76 1653 0.86 0.50 7.64 6.39 13 80 0.74 
1.09 11.64 5.40 16.5 0.82 0.60 13.24 5-85 17.99 0.90 
075 9 67 5.91 13.40 0.89 


1.00 11.99 5-75 13.04 1.04 
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TABLE II 


20% Timulsion of xylene/ water stabilised by soap and 0.004M-NaQOH. 


Sodium myristate. Sodium laurab. 
t, calc. from t, calc. from 

Conc. of Sodiam Acid Conc. of Sodium Acid 
soap soln. analysis. analysis. soap soln. analysis. analysis. 

0.35% 1.18 0 93 0.40 % 1,18 1.17 

0.50 0.85 0.94 0.50 0.90 0.88 

1,00 1.20 1.26 0.60 1,20 115 

0.75 0.95 1.10 

T.00 0.88 1.10 

TABLE III 


20% Emulsion of xylene/water stabilised by saponin. 
Conc. of emulsifier W. r (micron). v. A/M when t = 1 (cm?./g.). 
0.10% 0 036 g. 5.47 30 C.c. 0.075 X 10716 


Insertion of this 4/M value in cases of emulsions stabilised by the other concentrations of saponin 
leads to 


0.25 105.6 X 1073 5.22 30 2.7 
0 50 213.6 5.18 30 


oO tal 
~ © 


DIiscCUSSION 


The data recorded in Table I indicate that for emulsions stabilised by the soaps, 
the thickness of the interfacial film is nearly unimolecular. The small departure of 
the values from just a unimolecular layer may be due, apart from the possible experi- 
mental inaccuracies, to the negligibility of the excess of fatty acids resulting from 
hydrolysis of the stabiliser molecules. Some of the fatty acid molecules may actually 
wedge and orient themselves in the interfacial regions along with the soap molecules. 
Efforts have been made to eliminate this defect by experimenting on systems, where 
hydrolysis has been checked and the presence of free lauric or myristic acid ruled 
out. The experimental procedure was exactly the same as described earlier, the only 
modification being the preparation of the emulsions in the presence of free alkali (NaOH, 
0.004M). 

It will Le noticed from the data recorded in Table II that the film thickness is 
very nearly equal to unity. It is therefore apparent that there exist compressed uni- 
molecular interfacial films surrounding the emulsion globules stabilised by soaps. 
Thus, the “oriented wedge’ theory seems to accord with the experimental data better 
than Bancroft’s for the soap-stabilised emulsions. 

A completely different nature of the interfacial film is obtained in saponin-stabilised 
emulsions (Table III). Lack of knowledge of the exact mode of orientation of the 
saponin molecules at the interfaces and the magnitude of their cross-section makes it 
imperative to find out A/M values for eny particular concentration of the saponin- 
stabilised emulsion, putting the thickness arbitrarily equal to 1. For example, putting 
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the thickness for the interfacial film in 0.1,% saponin-stabilised emulsion of xylene 
in water to be equal to unity, the value of A/M is calculated and utilised in evaluating 
the thickness for the other solutions (vide Table III). 

From Table III it is evident that the thickness of interfacial film varies and departs 
from unimolecularity considerably. ‘Thickness of the interfacial filin in saponin- 
stabilised emulsion is therefore, in all probability, polymolecular. In this case 
Bancroft’s polymolecular idea of the interfacial film seems to hold goo4. 

The author is indebted to Prof. B. N. Ghosh, D. Sc., F. N. L., for many helpful 
suggestions and the laboratory facilities in connection with this work. Histhanks are 
also due to Messers Burmah Oil Company for their financial help which made the 
investigation possible. 


CoL_Lorp CHEMISTRY LABORATORY, 
UNIVERSITY COLLEGE OF ScrIENCE & TECHNOLOGY, Received November 30, 1953. 
CALCUTTA, 
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ACTION OF LIGHT ON SOME ORGANIC COLOURING MATTERS. PART III 
By C. M. Desai AND B. K. Varpya 


It has been observed that the fading of triphenylmethane and nitro colour< is a linear process, 
while that of azo colours obeys parabolic law with time of exposure. ~ 


Lasareff (J. chim. phys., 1924, 21, 161) studied the bleaching process of cyauine 
dyes on collodion films and obtained a direct linear relationship of fading with time of 
exposure in the earlier stages and unimolecular in later stages. Barker, Hirst and 
Lambert (J, Soc. Dyers & Col., 1927, 43, 263) showed for a number of dyestuffs on wool 
that the fading was proportional to the square root of the time of exposure. Hedges 
(ibid , 1928, 44%, 341), however, noted that the square root law was valid only for long 
exposures and that a linear relationship existed for exposures of short durations. But 
Hedges postulated diffusion theory on an analogy from the results of metallic oxidation 
(cf. Vernon etal., Trans. Faraday Soc., 1923, 19, 209; 1930, 35, 1175 ; J. Inst. Met., 
1939, 65, 301) to account for the parabolic law. Sommer (Z. angew. Chem., 1931, 44, 61) 
also showed that the amount of fading of dyes on wool followed the square root 
relationship with time of exposure. Cunliffe ef al. (J. Soc. Dyers & Col., 1929, 45, 305 ; 
1932, 49, 59) have, however, observed that the square root rejation has no physical 
significance and that the fading process like otlier photochemical changes should follow 
a linear law in the first stages and exponential in the later stages. Meulen, Stearns 
and Kienle (J. Phys. Chem., 1946, 50, 363) studied the light fastness of munoazo dyes 
and calculated the reaction rates, assuming fading to be a first order reaction. 


Sunlight is generally never employed for quantitative studies on account of large 
variations, particularly at the beginning and end of the day. However, when exposures 
are of very long durations extending for several days, the integrated light intensity for 
a day remains fairly constant for a period of two or three weeks on clear days. Records 
of sunlight intensity measurements show that even for a month during January-March, 
maximum light intensity variations per day do not account to more than 5%. 
Moreover, even from kinetic point of view, results oblained with other light sources, 
point-o lite and mercury vapour lamp, are quite comparable with sunlight. 


Ex PERIMENTAL 


The aqueous solutions (25 c.c., 0.002%) of the dyes were exposed to light sources 
in the same conditions as described in Part I (this Journal, 1954, 31, 261) till most of 
them were completely decolorised. Naphthol yellow and aminoazobenzene were only 
partially decolorised in the light of point-o-lite lamp, while picric acid was hardly 
affected. During the exposure, the concentration of the solutions was kept constant 
by addition of distilled water periodically. The exposed solutions were removed at 
definite intervals and matched with the corresponding unexposed solutions in the 
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Leitz colorimeter. These determinations were made through light filters (provided in 
the instrument) having colours complimentary to the solution under examination, for 
greater accuracy was obtained if the determinatious were carried out in the region of 
maximum absorption. The error of observation in the colorimetric readings was 
checked from time to time by comparing two solutions of known concentration of the 
same dye. It was never more than + 1.1%. From these readings, loss of colour at 
each determination was estimated in terms of the number of moles of dyes decomposed 
and the results were plotted against time of exposure in each case (Figs. 1.-3). 


TABLE I 


Kinetics of decolorisation of various dye solutions under the influence 
of diff. sources of light. 


BG. M. G. Sv. Rosan. Aminoazo. Chry N. Y. Pic 


Mercury lamp L I, L L i P L L 
Point-o-litelamp L L L L P P L-o to 50 } - 
& P-50 to 80% 
Sunlight L L L L , P L-o to 80 } A-o to 
& P-80 to 100% 50% 


(L denotes linear, P, parabolic and A, autocatalytic). 


DISCUSSION 


. 


In a fading process, where there are no complications due to the products of the 
reaction and the solvent is present in large excess, a linear rate of fading is obtained. 
When, however, the products of decomposition retard the process, the over-all rate 
of change is inversely proportional to the concentration of the retarder. The results 
obtained in the fading process have been found to vary from one class of dyes to 
another or sometimes within the same class. Thus, fading is a linear process with 
triphenylmethane and nitro dyes, while it is auto-retarded by the photodecomposition 
products in case of azo colours. This result is consistent with the observations made 
by Mounier (Tiba, 1931, 9, 585) and Seyewetz ‘Rev. Gen. Mat. Col., 1940, 44, 45) that 
if fabrics dyed with azo colours are exposed to light and redyed with the same colour, 
the second dyeing is considerably improved in its light fastness. The explanation is 
that the decomposition products, formed during the first exposure, retard the action of 
light during the second exposure. The fading rate for such a process would be inversely 
proportional to the concentration of the retarding agent, or dx/dt = k/x, which on 


integration, gives he 
x*® = 2kti.e. arty t. 


This is the parabolic law for the fading ofcolours. The apparent kinetic laws, 
which are followed by different colours, are summarised in Table I. The change with 
picric acid, when exposed to mercury lamp, is found to be linear, while it seems to be 
auto-catalytic in sunlight. It may be that the catalysts, produced, might be destroyed 
easily by the strong action of ultraviolet light. The results indicate that rosaniline 
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is most stable and brilliant green, the most fugitive among the basic dyes. Increase in the 
length of the alkyl substituent in p-amino groups tends to impart instability. Further, 
where the linear relationship is maintained throughout the change, it would be resonable 
to suppose that the accumulated products of the reaction accelerate the change, render- 
ing it partly autocatalytic, so that the fading rate, instead of decreasing in later stages, 
is kept at a constant value. 

This work was carried out at the University Department of Chemical Technology, 
Bombay. The authors express their thanks to Dr. R. B. Forster and Dr. K. Venkata- 
raman for their interest in the work. 


M. T. B. Connece, SuRaT. Received October 3, 1953. 
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ESTIMATION OF TRUE ZETA POTENTIAL OF THE PARTICLES 
OF A DIAPHRAGM IN CONTACT WITH A SOLUTION OF 
AN ELECTROLYTE 


By B. N. GHosH 


It has been shown that the true ¢ potential of the pirticles of Pyrex and Jena glass diaphragms 
can be evaluated from Wijga'’s data on streaming p»tential by using the equation 


i=! +—.(Kp—S 
ra ot Ey (Ke ) 


where (a represents the zeta potential calculated from the Smoluchowski equation ; S, the specific conduc- 
tivity in bulk of the solution of the electrolyte used; Kp, its specific conductivity inside the pores of 
the diaphragin; a is a correction factor greater than unity. 


According to Overbeek and Wijga (Rec. trav. chim., 1946, 65, 556) and Wijga 
(Thesis, Utrecht, 1946) the.true ¢ potential of a diaphragm cannot be calculated from 
the equation 


> ..+ Ky és shia — 





where ( is the potential calculated from the Smoluchowski equation, Kp, the specific con- 
ductivity of the solution inside the pores of the diaphragm and S, its specific conductivity 
in bulk. The low value of the ¢ potential calculated from the above equation has been 
attributed to the fact that a diaphragm resembles a system of short capillaries of different 
diameters connected in series with each other. For a system of two capillaries of 
different diameters they (loc. cit.) have deduced an expression (equation 13) which 
should yield the correct value of ¢ potential. It has been shown by Ghosh, Rakshit 
and Chattoraj (this Journal, 1953, 30,601) that equation (13) of Overbeek and Wijga 
(loc. cit.) can be simplified to the following form when the capillary tube having smaller 
diameter is equal to or greater than the wider tube in length. 


2X 
= aa ae om) aa 





gars 
\a 


where ¢, ¢, and S$ have the same significance as already stated; X represeuts the specific 
surface conductivity and R, the radius of the narrower one of the two capillary tubes. 
For such a system, which may be considered as a very simplified model of a diaphragm, 
X cannot be correctly evaluated from the expression 


8&—1851P—s. 
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(Kp ~ S)= =X 
2 
since R is toosmall, being the radius of the narrower one of the two capillary tubes. 


Hence, to find the correct value of x we have to use the expression 


(kp — s)R a =X ay er 
2 


w 


where is a correction factor greater than unity and may be looked upon as the ratio 
of the capillary radius appropriate for the evaluation of true x, to that of R. 


Substituting the above value of X in equation (2) we have 


> = I + ¥ (KZ - S) ( eon cee (4) 


a 

Since the above simplified equation is derived for a system of two capillaries which 
may be considered as the simplest prototype of a diaphragm, its applicability to actual 
diaphragins is worth investigating. 

If we have a number of diaphragms with identical mode of packing of the particles, 
in contact with a solution of a given concentration of an electrolyte, then ¢, X and « 
become constant, and only Kp may vary from diaphragm to diaphragm depending on the 
radius of the pores which, under the aforesaid conditions, are controlled mainly by the 
size of the particles constituting a diaphragm. Therefore, at conatant S and co1stant 
mode of packing, a plot of 1/(« against (Kp —S) should give a straight line. It will be 
shown in this communication how equation (4), under the conditions specified above, can 
be utilised for the evaluation of true ¢ potential of the glass particles of the diaphragms 
used by Wijga (loc. cit.). 


Calculation and Arrangement of Data 


In Wijga’s experiments, the temperature varied from 15.1° to 23.9°. ‘Therefore, 
the values of S and Kp, correct for 19°, were calculated from the equation 


St = Sy, [1 +0.022 (t—18)]. 


The values of (4 were calculated from the corresponding values of ¢ recorded in 
Wijga’s thesis (loc. cit.) by using the expression 


w= ¢ 


talhe 
b=] 


Curves were then drawn by plotting (i) corrected S against c, the concentration, (ii) 
corrected K, against corrected S, and (iii) ¢ against corrected S. From these curves the 
data recorded in Table I were found. In Table II are recorded the values of true ¢ cal- 
culated from equation (4). The values of @/{.S have been found from the slope of the 
straight lines obtained by plotting 1/{ against (Kp —S). 
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TABLE I 


Electrolyte useda—K NO). 
Jena glass diaphragins 


G.2 G.6 
Sx 10? c*. (Kg. —S) X10? Ca (Kp —S) X10? 6. 
(mhos. em*'). (mhos. em~!). (mhos. cu“!.), 
11.00 5 9.2 44 mv 13.5 33-75 mv 
17.75 10 11.1 53 15.1 43.00 
30.50 20 14.5 63 18.3 53-25 
Pyrex glass diaphragms 
G5 G.14 G.15 
(Kp —S) X10. (a. (Kp —S) xo’. (a, (Kp —S)107. (a. 
11.v0 8.8 45.5 mv 19.8 40.50 inv 25.5 20.00 mv 
17.75 9-9 55-5 11.3 52.00 28.8 26.75 
30.50 11.7 66.5 12.7 63-75 35.0 35-50 
TABLE II 
Observed ¢ in mv for 
Values of true ¢ in mv. calc. from eqn. (4). capillary tubes. 
Sx10° . Aver. Pyrex Jena 
(mhos.cm~'),  c* es ** G.2, G.6. G 5. G.14 Gu. ¢. (Wijga's). (Rutgers). 
11.00 5 1.6410" 130.9 133.5 1337 143 2 122.2 133 mv 133 139 
17-75 10 1.03 134.4 12).7 127.9 131.8 129.5 131 130 132 
30.50 20 0.565 130.0 118.5 118.6 117-5 119.2 121 125-5 130 





* ein uw equiv /litre. 
** In calculatiag a/¢.S, ¢ has been expressed ia volts and S in mbos cm”. 


DiscUSSION 


It will be noticed from the data recorded in Table II that the values of true ¢ of 
the two Jena glass diaphragms, G.2 and G.6, are very close to those of the three Pyrex 
glass diaphragms, G.5, G.14 and G.15. The average values of true ¢, calculeted from 
equation (4) for the different diaphragms, are also in satisfactory agreement with the 
values of true ¢ found for Pyrex and Jena glass capillary tubes by Wijga (loc. cit.) and 
Rutgers and Smet (Trans. Faraday Soc., 1947, 48, 102). 


1t may alsu be pointed out that the values of calculated from those of 2/{.S given 
in column 3 of Table II are 2.4, 2.4 and 2.1 respectively, their average being 2.3. 
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The value of « thus remains fairly constant for the five different diaphragms of Jena 
and Pyrex glass particles used by Wijga ‘loc. cit.). This indicates that its value 
depends very probably on the mode of arrangement of the particles in the diaphragms. 
The value which it will have, for example, when the packing resembles that of four 
spheres of radius r having heir centres at the four corners of a square of arm lengt}) 
2r, will be different from what will be found, when the packing resemles that of threc 
spheres of the same radius, r touching one another and their centres occupying the three 


corners of an equilateral triangle. 


DEPARTMENT OF PHYSICAL CHEMISTRY, 
UNIVERSITY COLLEGE OF ScrENCE & TECHNOLOGY, : 
CALCUTTA-9. Received March 24, 1954 
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; ESTIMATION OF THORIUM BY ORGANIC REAGENTS. PART II. 
2:4-DICHLOROPHENOXY- AND GUAIACOXY-ACETIC ACIDS 


By SACHINDRA KuMAR DATTA AND GURUPADA BANERJEE 


Thcrium has been quantitatively precipitated vithout using any electrolyte by 2:4-D ut pa 2.8, 
and by guaiacoxyacetic acid at pu 4 4 in presence of Ca, Ba, Mg, Zn etc and cerite earths. 


In our search for new and effective organic reagents for the estimation of thorium, 
two substances of the aryloxyacetic acid series, namely, 2:4-dichlorophenoxyacetic and 
guaiacoxyacetic acids, were found to give good results. It was shown by Pratt and 
James (J. Amer. Chem Soc., 1911, 38, 1330) that the first member of this series, 
phenoxyacetic acid, gave almost quantitative precipitation of thorium in neutral solution. 
But the fact that this thorium salt was sliglitly soluble in water was later indicated by 
Smith and James (ibid., 1912, 34, 281).. Raghava Rao and co-workers (chis Journal, 
1950, 27, 83), however, used this acid for the determination of thorium by double preci- 
pitation method. It appears from their observations that the thorium precipitate is quan- 
titative and not soluble in water. It has been observed that the presence of other groups 
in the benzene ring of this acid renders the corresponding thorium salts more insoluble in 
water. 2:4-Dichlorophenoxyacetic acid, technically known as 2 : 4-D, and guaiacoxyacetic 
acid were found to be better reagents for thorium than phenoxyacetic acid. The former 
was more effective than the latter. They give quantitative flocculent precipitates in the 
cold by single precipitation method which settle within 5 minutes, without requiring any 
electrolyte like NH,Cl etc. for its coagulation, and the precipitates are not soluble during 
washing. Thorium can be precipitated successfully at a comparatively low px, 2.8 with 
2 :4-D in presence of a large number of metals like, Ca, Ba, Sr, Mg, Zn etc. and cerite 
earths. Guaiacoxyacetic acid requires a little higher pu, 4.4, for the complete precipi- 
tation of thorium. Moreover, the scope for the utilisation of 2:4-D as a reagent for 
estimating thorium by the direct weighing method will be revealed from the present 
paper. These reagents can separate thorium completely from monazite sand. 


EXPERIMENTAL 


2: 4-Dichlorophenoxyacetic acid was prepared from 2:4-dichlorophenol and chloro- 
acetic acid according to the modified method of Ghosh (this Journal, 1y51, 28, 157). 
Guaiacoxyacetic acid was prepare’ from guaiacol and chloroacetic acid (Guha Sircar 
and Datta, ibid., 1950, 27, 358'. ‘These acids were recrystallised from rectified spirit 
until no further change could be seen in their melting points. Their purity was also 
established from their equivalent weight determinations (0.1 g. of the acid, dissolved 
in 1oc.c. of alcohol, was titrated against 0.1 N-NaOH solutions). Stock solutions of 
thorium, cerium and lanthanum were prepared and their earth contents were determined 
ab before (ibid., 1954, 31, 149). 
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Procedure.—To a solution of thorium, rendered neutral to thymol blue by adding 
a dilute solution of NaOH, was added a hot 1% solution of 2:4-D. A white flocculent 
precipitate appeared at once, wh.ch collected at the bottom of the beaker, when warmed 
a little. The precipitate settled completely within 5 minutes, after which it was filtered 
through Whatman No. 42 and washed with a hot 0.2% solution of the reagent. The 
washed precipitate was ignited to the oxide. In the case of guaiacoxyacelic acid, the 
thorium solution was made just neutral to Congo red by adding NaOH, as the preci- 
pitation of thorium was not complete in high acid concentration. When a hot solution 
of guaiacoxyacetic acid {1%} was added to this thorium sclution, a white precipitate 
formed which assumed a uniform and granular appearance on boiling for a few minutes. 
The precipitate was similarly filtered, washed and ignited to the oxide. Representative 


results are shown in Table I 


TABLE I 

' _— ' 
fv : > Se, i 
Oo: a: = ni aD ‘ uae. BS aKS 
EES 4A Error. mo Error Ss Bs at Error. es @ Error. 
*~ous OF 0.8.2 Us Ox OSsg 
Spay £4 oh Be Sees 8,4 ai s% 
Zoe = ae zaa mS a) bo S 
= me 
0.1212 g. O1212g. + 0,01ng. 0.1209g. — 3 mg. 00496g. 0.0495 g. — 0.1 mg. 0.0490 g. —o.6 mg. 
0.1102 0.1103 + 0.1 0.1096 — 0.6 0.0386 0.0385 = 0.1 00382 0.4 
0.0992 0.0994 + 0.2 © 0995 + 0.3 0.011° 0 0108 — 0.2 0 0092 —1.8 
0.0882 o 0881 - 0.1 0.0884 +02 0.0055 0.0053 — 0.2 
0.0606 0.0607 + 0.1 0.0603 -—03 0.0025 0.0025 -02 
0.0551 0 0550 -or 0 0552 + 0.1 


It is evident from Table I that 2:4-D is a more effective precipitating agent than 
guaiacoxyacetic acid. To compare the effectiveness of phenoxyacetic acid as a reagent 
for thorium with that of 2:4-D, a solution of thorium was neutralised to Congo red and 
thorium was precipitated from it by adding a hot 2% solution of phenoxyacetic acid. 
The solution was brought to boiling and was filtered when cold. The precipitate 
was washed with a cold 0.2% (approx.) solution of phenoxyacctic acid and ignited to 
the oxide. But the quantity of oxide obtained was a little less than that present in the 
thorium solution. Moreover, a trace of thorium in the filtrate was indicated by Alizarin S. 
So it becomes apparent that the precipitation of thorium by phenoxyacetic acid is 
not complete, a part of the precipitate might have also dissolved during washing. 
The filtrate was concentrated to about 4oc.c., 5 ¢.c. of HNO, (1:1) was next added 
to it, and boiled to decompose any thorium salt of phenoxyacetic acid in the filtrate. 
The solution was neutralised to Congo red and to it was then added an 1% hot solution 
of 2:4-D. A thin precipitate appeared on warming. ‘The precipitate was similarly 
filtered, washed and ignited. It was interesting to note that the small quantity of ThO,, 
obtained by this ignition, made up the loss observed in the amount of thoria, obtained 
by phenoxyacetic acid method. This fact is indicated in Table II. 
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TABLE II 


ThO, obtained by 


ThO, taken Phenoxyacetic Precipitation in the Total ThO, 
acid method. filtrate with 2:4-D. obtained 

0.1102 g. 0.1061 g. 0.0040 g. O.IIOI g. 
0 0882 6.0834 0.0046 0.0880 
0.0772 0.0729 0.0040 0.0769 
0.0606 0.0554 0.0051 0 0605 
0.0496 0.0440 0.0053 0 0493 


Influence of Pu on the Precipitation of Thorium.—Thorium has been shown by 
many investigators to be not completely precipitated in highly acidic solutions, and again 
a very low acid concentration brings in co-precipitation of cerite earths and other 
elements, if present along with thorium. The lowest fu values for complete precipitation 
of thorium by these two reagents therefore were needed. 

It appears from Table III that below px 2.8 the precipitation of thorium by 2:4-D 
is not complete and for guaiacoxyacetic acid, a px below 4-4 is unsuitable. 


TABLE III 
ThO, taken =0.0606 g, 


Pu of the initial Th soln. 


1.6 2.0 2.8. 3.1. 3.8. 4.4. 6.0 
ThO, obtained by 
2:4-D (g.) 0.0570 0.0600 0.0604 0.0606 0.0607 © 0606 0.0607 
Guaiacoxyacetic acid (g.) 0.0460 0.0490 0.0495 0.0523 0 0581 0.0604 0.0605 


Separation of Thorium from an Artificial Mixture of Cerite Earihs.—It was seen 
that on adopting the same procedure under the said py conditions, the two reagents could 
separate thorium from an artificial mixture of thorium, cerium and lanthanum nitrate 
solutions. A set of results given in the following table indicates that 2:4-D can com- 
pletely separate thorium from solutions having thoria-rare earth ratio up to 1:40 and this 
ratio for guaiacoxyacetic acid is only 1:20, and the separation has been effected by single 
precipitation in both the cass, no contaminatiun of thoria with cerite earths having 
been occurred. 


TABLE IV 
ThO, taken. CeO, added. LayO; added. ThO, obtained with 
2 :4-T. Guaiacoxyacetic acid. 

0.0606 g. 0.0537 g. inp 0.0607 g. 0.0605 g. 

* 0,0805 —_ 0.0005 0,0006 

- 0.1074 ose 0.0608 0.0095 

- 0.1611 — 0.0606 0.0608 
0.0303 0.0537 0.0381 0.0304 9.0302 

* bg 0.0762 0.0303 0.0304 
0.0152 o 2148 0.0952 0.0153 0.0153 

, 0.3703 0.2303 0.0154 0.9159 


0.0158 


0.4273 0.2303 
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Separation of Thorium from other Elements.—2:4-D and guaiacoxyacetic acid 
both can separate thorium from a large number of elements, the former in a py range 
from 2.8 to 4.4 and the latter at p, 4.4. Co, Ni and Cr required double precipitation; 
iron was precipitated along with thorium. Results obtained are shown in Table V. 


TABLE V 


Th, taken = 0.0406 g. 


Oxide added ThO,g obtained by 
2:4-D. Diff. Gnaiacoxvacetic acid. Diff 
CaO 0.2110 g. 0.0495 2. —o Img. 0.04992 g. —0.4 mg 
0.4229 0.0497 +o! ee Ria 
BaO 0.3213 0.0496 = 0.0493 —06 
09,1506 0.9497 +0O,1 
S:O 0.1123 0.0108 +02 © 04904 —0.2 
ZnO 0 1923 0.0494 0.2 0 0493 =6 3 
0.2445 050498 +0.2 és 
MgO, O 2132 0.0492 0. ».0491 —0 5 
m0” -» o:t7s 0.0498 * ab ‘alae * ae 
CoO 0 1236 ©0498 * +0.2 0.0498 * +0.2 
Cr,0> 0.2320 0 0497 +0.1 0.0499 * +03 
Al,O3 0 2613 0.0493 —-0.3 0.9491 —0.5 
“ 0.1302 0.0494 —0.2 


* Double precipitation. 


The possibility of estimation of thorium in presence of Zr, Ti and phosphate with 
these reagents would be examined shortly. 


Composition of Thorium Precipitate and Possibility of Direct Weighing.—The 
thorium salts of 2:4-D and guaiacoxyacetic acid were separately washed with hot water 
and then with hot alcohol and dried to a constant weight at i05°-110°. Weighed quanti- 
ties of the dried salts were ignited to the oxide. It was interesting to note that the salt 
of guaiacoxyacetic acid presented a slightly variable composition, while that of 2:4-D 
appeared to possess a definite composition. Ignition values in the former indicate the 
association of 3 molecules of acid with one thorium ion, together with 3 molecules of 
water; hence the thorium content is to be determined by ignition to thoria. But to 
establish the fact that thorium salt of 2:4-D appeared to present a definite composition, 
a definite quantity of thorium solution was precipitated with 2:4-D, the precipitate was 
washed with hot water, hot absolute alcohol and finally with anhydrous ether. (The 
product was kept in a vacuum desiccator over sulphuric acid for about 24 hours and then 
immediately weighed). Aliquot quantities of the salt were then dried between 105° 
and 110° to a constant weight. The samples, first dried in vacuum and then in oven, 
were then ignited to the oxide. From the results jt appeared that the salt, dried at 
105°-110°, contained in the molecule one thorium atom with one (OH) and 3 acid resi- 
dues, with 4 molecules of water, which on heating to 105° to 110° lost 2 molecules of 
water. ‘Ihe amount of chlorine present in this dried salt, determined by Piria and 
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Schiff’s method, also supports this formula. [Found: Th, 24.40; Cl, 7.54. Th-(Cs;H,O,Cl,)- 
OH, 2H,O requires Th, 24.56; Cl, 7.52 percent]. This salt darkens at 280° and its 
decomposition is complete at 285°. ‘The salt is soluble in all dilute acids on heating 
and extremely soluble in ammonium carbonate solution. The results of analysis with 
different samples recorded in ‘Table VI show the possibility of determining thorium 
with 2: 4-D by direct weighing method. 


TasLe VI 
ThOy, present (by ‘Th salt dried at ThO, Amount of Cl in dried 
oxalate method). 105°-r1o°. —-——-— - salt (105°-110°). 
Found on ignition Calc. from the Found. Cale. 
of the Th-salt. wt. of salt. 
0.0956 g. 0.3415 g. 0.0951 g. 0 0951 g. 0.024 g. 0.026 g. 
0.0710 0.2563 0.0714 ©.0714 o o18 0.010 
0.0§97 062136 0 0593 0.0600 0.017 0.016 
0.0359 0.1705 0.0476 0.0475 0.012 0.083 
0.0359 0.1280 0.0356 0.0356 0.0094 0.0096 


Estimation of Thorium in Monazite.—An acid extract of Travancore monazite was 
prepared according to the procedure of Raghava Rao etal. (this Journal, 1950, 27, 
458). The results of estimation of thoria with these reagents are recorded in Table VII. 
The extract was made neutral to thymol blue in estimating with 2:4-D and to Congo 
red for guaiacoxyacetic acid. 


TABLE VII 
Wt. of the m-Nitrobenzoic acid. 2:4-D Guaiacoxyacetic acid. 
sample. ThO, % ThQg. —--- ThO, % ThOs. 
obtained. ThO, % ThOg. obtained 
obtained. 
0.560 g. 0.0409 g. 7.32 &. 0.0410 g. 7.32 g. 0.0403 g. 7219 
1.120 0.0820 7.32 0.0823 7-34 0.0815 7-27 
1.400 0.1026 7.32 0.1024 7-31 0.1018 7.28 
1.680 0.1232 7-33 0.1230 7.32 0.1216 7.24 


Attempt is being made for the estimation of thorium in the sulphuric acid extract 
of monazite, in presence of interfering elements including phosphoric acid, with these 
reagents. 

The authors are indebted to Prof. D. N. Das Gupta, M.Sc. for his kind encourage- 
ment and for providing laboratory facilities. 
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FORMATION OF COMPLEX COMPOUNDS BETWEEN UREA AND 
ALKALINE EARTH HALIDES. PART I. THE SYSTEM 
BaCl,CO(NH,).-H,O: VISCOSITY AND CONDUCTIVITY 


By C. S. PANDE AND M. P. BHATNAGAR 


Measurements of viscosity and conductivity of barium chloride-urea-water system indicate the 
formation of four definite complex compounds, viz., (1) 2BaCly.CO(NHg)3, (2! BaCly.CO(NHg)3, (3) 
BaCly.2CO(NHg)2 and (4) BaCl,.4CO(NHg), 


A review of the literature shows that urea and its other derivatives form complex 
compounds with many of the alkaline earth salts. Jaffe (cf. Chem. Abs., 1918, 
2110) prepared a double salt of calcium iodide and urea and studied its properties and 
therapeutic use. Knoll & Co. (Ger. P. 306, 804/1918) prepared CaCl,.gCO(NH,), from 
aqueous and alcoholic solutions of the two components and mentioned its medicinal 
utility. Yuzuru Okuda and Fugikawa \J. Chem. Soc., Japan, 1919, 40, 404) worked 
upon the preparation and properties of Cal,.6CO(NH;)., CaBr,.6CO(NH,), and 
CaCl,.4Co(NH,), and also noticed that these substances were hygroscopic. Spitz 
(B.P. 155,781/1920) prepared compounds with calcium iodide and urea and other 
nitrogenous organic compounds. Greenbaum (Amer. J. Pharm., 1920, 100, 600) pre- 
pared addition compounds cf calcium chloride and of iodide with urea, thiourea, 
urethane, antipyrine, monoacetylurea, etc., and stressed their pharmaceutical importance. 
Bromides of calcium and strontium were employed in the preparation of similar 
compounds by Carli (Atti. Accad. Lincei, 1932, 18, 747). According to Lassner 
(Z. ges. exptl. Med., 1937, 100, 350) strong electrolytes like CaCl, and CaCl,.4CO(NH,), 
could be used therapeutically. 

A critical study of the available literature shows that no systematic investigation 
has been made in this class of complex compounds. Most of the complexes prepared 
related to calcium halides. A systematic investigation with a view to obtaining analo- 
gous or other complexes with barium and strontium halides was thought desirable. 

We have examined a number of physico-chemical properties of the system BaCl,- 
urea-water. The properties investigated are density, viscosity, rheochor, specific 
conductivity, surface tension, parachor, refractive index, etc., all of which have yielded 
similar and unequivocal results leading to identical conclusions. In this communication 
the results of measurements of viscosity and conductivity and in the next, those of 
surface tension and refractive index are recorded. 


EXPERIMENTAL 


Barium chloride (B.D.H./A.R. quality) and urea (E. Merck/extra pure) were further 
purified by recrystallisation from pure distilled water. The stock solutions of barium 
chloride (1.0 M) and urea (2.0 M) were prepared in conductivity water by the mono- 
variation method of Nayar and Pande (Proc. Ind, Acad. Sci., 1948, 27A, 286) and 
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stored in thoroughly cleaned and steamed glass-stoppered Jena glass bottles. Barium 
chloride solution (10 c.c., 1.0M) was pipetted out into a 50 c.c. standard flask, to which the 
requisite volume of urea solution {2.0M) was added and the mixture made up to 50 c.c. 
by the addition of conductivity water. In this way a series of thirty solutions was 
made in which the concentration of barium chloride remained the same (namely, 0.2 M) 
while that of urea varied systematically from 0.0 M to 1.36M. The solutions were 
of the composition as shown in Table I. 

Conductivity.—A pyrex-glass conductivity cell of high cell constant was specially 
made with platinum electrodes of about 1 sq. cm. area, separated by a distance of about 
11cm. ‘The cell constant after platinizing the electrodes was found to be 33.7. The 
cell was rinsed several times with the solution and at least three readings were taken 
for each solution. The resistance was so adjusted that the null point was exactly at 
the centre of the bridge. Table I shows the values obtained. The measurements were 
made at 40+0.05°. 

Density & Viscosity.—Measurements of relative viscosity were made by Ostwald’s 
viscometer placed in a thermostat maintained at 35+0.05°. The instrument used was 
made of pyrex glass. Special percautions were taken in cleaning the viscometer by 
water, chromic-sulphuric acid mixture, again with water and finally with distilled water 
and drying in a current of dry air after cach experiment. 

The density of each solution was determined at the above temperature by a pykno- 
meter. ‘The values of density and viscosity are recorded in Table I. 


“ - 
TABLE I 

so . “ L. od , @ a re «CCB : 

~~ of ae) o* - 
8% sq Density. 9° 5.8 3 83 8 3 8. 88 gi 
Pie) ~ a > = D co hie) oS - a > “ 0 as} 
sy °x eS Es [s. 6F . 38 S $s 88 Ms 
o = a) Az = a & & ra and ond 


0.0 ¢.c. 44.69 1.0310 1.0665 71,021 1.3365 15.0 43.88 1.0395 1.0940 70930 1.3416 
1.0 44.69 1.0315 1.0666 70.993 1.3370 17.0 43-76 1.0410 1.0967 70.336 1.3422 
2.0 44.69 1.0320 1.0697 70.966 1.3371 18.0 43-65 1.0415 1.1000 70.488 1.3426 
2.5 44.63 1.0325 1.0708 70.801 1.3377 19.0 43-54 1.0420 1.1032 69.310 1.3429 
3.0 44.63 1.0330 1.0719 71.203 1.3378 20.0 43-37 1.0425 1.1109 67.504 1.3437 
4.0 44.63 1.0335 1.0751 71.193 1.3378 22.0 43 37 1.0440 1.1130 70.030 1.3439 
5.0 44.51 1.0340 1.0784 71.011 1.3388 23.0 43-31 1.0445 1164 70.511 1.3448 
6.0 44.51 1.0345 1.0762 7I.II5 1.3388 24.0 43-31 1.0450 1.1197 70.726 1.3447 
7:0 44-40 1.0350 1.0783 71.080 1.3389 25.0 43.2 1.0455 1.1218 70.881 1.3452 
8.0 44.27 1.0355 1.0807 71.098 ro ast 27.0 43.12 1.0470 1.1273 71.059 1.3457 
9.0 44.22 1.0360 1.0892 70.995 1.3395 28.0 43 09 1.047§ 1.1300 70.986 1.3454 
a 
3 


oo 


10.0 44.11 1.0365 1.0947 70.225 1.3405 29.0 43.04 1.0480 1318 71.051 1.3462 

12.0 44.11 1.0380 1.0935 70.825 1.3407 30.0 42.98 1.0485 1339 71.085 1,3466 

13.0 44.11 1 0385 1.0940 70.936 1.3409 32.0 42.76 1.0500 1,1383 71.110 1.3467 

14.0 44.00 1.0390 1.0935 72.925 1.3411 34.0 42.37 1.0505 1.1439 71.200 1.3478 
* Viscosity values are relative to viscosity of HyO=1. 

On plotting the values of specific conductivity, density and viscosity against the 
volume of urea in the mixture, the curves shown in Fig. 1 (a) were obtained. In the 
case of specific conductivity there are four definite breaksin the regular curve at con- 
centrations corresponding to 2.5, 5.0, 10.0 and 20 c.c. of urea solution. The molecular 
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ratios of BaCl, to CO(NH,), at these points are 2:1, 1:1, 1:2 and 1:4 respectively ; these 


correspond to compounds of formulae 2BaCl,.CO(NH,)., BaCl,.CO(NH;),, BaCl,.2Co- 
(NH,). and BaCl,.4CO(NH,),. 
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Urea (2.0 M) added in c.c. to 10 c.c. of BaCly (1.0 M) soln. 


It is further seen that while the relation between density and concentration is a 
linear one, the curve for viscosity-concentration shows three kinks at exactly the same 
last three points as in the case of conductivity. It may, however, be pointed out that 
in the original experiments on viscosity, the break relating to the compound: 
2BaCl,.CO(NH;), had been missed. When conductivity curve revealed this point, 
the viscosity measurements were repeated in this region with a fresh set of solutions 
with shorter intervals in respect of concentration. The new curve is shown in the 
inset Fig. 1 (b). The curve definitely indicates one prominent kink at 5 c.c. of urea. 
Thus, the viscosity measurements also indicate the formation of four definite complexes, 
as mentioned above, 

The authors’ thanks are due to Prof. Dr. A. C. Chatterji for his kind interest and 


facilities and to Shri M. R. Nayar for his helpful suggestions. Their thanks are also due 
to the Scientific Research Grant Committee, U. P. Govt., for a contingency grant. 
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FORMATION OF COMPLEX COMPOUNDS BETWEEN UREA AND ALKALINE 
EARTH HALIDES. PART II. THE SYSTEM BaCl,-CO(NH,),-HO, : 
SURFACE TENSION AND REFRACTIVE INDEX 


By C. S. PANDE AND M, P. BHATNAGAR 


Results of surface tension and refractive index measurements of a series of mixed solutions of barium 
chloride and urea confirm the conclusions arrived at b+ viscosity and conductivity measurements (Part I). 


‘The solutions used were the same as employed in the earlier communication (Part I). 

Surface Tension.—Surface tension was determined by the “Drop method’’, using 
Traube’s Stalagmometer (cf. Findlay, ‘Practical Physicai Chemistry’’). Great care 
was exercised to ensure that the dropping surface was perfectly free from grease. After 
each experiment the instrument was carefully cleaned by sulphuric-chromic acid 
mixture and polished , when necessary, by means of a piece of fine soft linen, as even 
a trace of grease (invisible) on the dropping surface markedly altered the size of the 
drops. 

Care was taken to preserve the apparatus from being shaken by the stirring part 
of the thermostat. The velocity of flow of the liquid in the stalagmometer was regu- 
lated not by creating a partial vacuum, but by attaching a fine capillary tubing to the 
upper part of the tube, 

Surface tension was calculated by using the formula 


Ys = Mads 
Y2 n,d, 

(where y, and y. are the surface tensions of the two liquids, n, and n, are the respective 
number of drops given by the same volume of the liquids, the densities of which are 
d, and d, respectively). Water was taken as the standard liquid with y,=70.7 dynes/cm. 
at 35°. The values of surface tension are recored in Table I of Part I (this issue, p. 402). 

Refractive Index.—The refractive index of each solution was measured by using a 
critical angle refractometer (Bellingham and Stanley Ltd.). The microvernier of the 
instrument could read angles up to 15 seconds. Sodium flame was used as a source 
of monochromatic light for all the measurements. After initial adjustments, the angle 
of deflection of the emergent ray was noted. This was used for calculation of the 
refractive index of the solution from the relation : 

B= sin 607 1.75" —sin’x—cos 60 sin x. 

The accuracy of the instrument was tested by measuring the refractive index of water. 
After every solution, the dish was cleaned with water and pure aldehyde-free alcohol 
and dried with the help of a hot-air blower. The temperature of the solution under 
measurement was controlled by allowing water to flow through the jacket of the appara- 
tus from a theromostat, the temperature of which was so adjusted that the water 
circulating in the refractometer was at 35.0°. The mean of three readings was taken 
for calculating the refractive index of each solution. ‘The results are shown in Table I. 
of Part I. 
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The values of surface tension and refractive index are represented graphically 
in Fig. 1. It will be noticed that the curves indicate four breaks corresponding to 
2.5 c.c., §¢.c., 10c.c., and 20¢.c. of urea solution. The molecular ratios between 
barium chloride and urea at these points correspond to the same four componds as re- 
corded in Part I (loc. cit.). 

Attention may be drawn to curve “‘Number of drops’’ in Fig. 1 which shows that 
the drop count without any further calculations gives a curve analogous to those 
obtained with properties deduced as a result of elaborate calculations (cf. Nayar and 


Pande, loc. cit.). 
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Urea (2.0 M) added in c.c. to 10 c.c. of BaCle (1.0 M) soln. 


The results are analogous to those obtained in Part I from conductivity and 
viscosity measurements. It may, however, be pointed out here that the calcium and 
strontium analogues of the fourth compound are known. 

The authors’ thanks are due to Prof. A. C. Chatterji for the facilities and encourage- 
ment and also to Scientific Research Grant Committee of U. P. Govt., for contingency 


grant, for carrying out this work. 
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CHEMICAL EXAMINATION OF THE SEED OIL, OF JATROPHA 
GLANDULIFERA, ROXB. 


By M. C. SHetH anp C. M, Dgsat_ 


The seed oil coniains myristic 2.338%, palmitic 14.5%, stearic 5.972%, oleic 34.19% and linoleic 
43.0% in terms of methyl esters. It obeys the rule of even distribution 


Alimchandani et al. (this Journal, 949, 26, 523) extracted Glandulifera seeds from 
Madras province by different solvents and found in the oil palmitic, stearic, oleic and 
linoleic acids on the qualitative basis only. The present work was therefore undertaken 
to determine the percentage composition of the constituent acids and fully saturated 
glycerides present in the oil, obtained from the seeds, cullected from Surat district. 


ExPERIMENTAL 


The oil was obtained from the crushed seeds by means of carbon tetrachloride which 
gave 20% yield of the oil with the constants shown in Table I. 


TABLE I 
Sp. gr. at 29° on 0.9066 Todine value (Wijs) he 117.8 
Ref. index at 30° ove 1.477 A.V. in terms of oleic acid 56 
B, R. reading at 40°... 58.8 Unsaponifiable matter 1.75% 
Sapon. value nie 195.2 R.M. value 1.65 
Acetyl value ao 16.8 Polenske value 0.88 


Heat-ireatment with Potassium Hydrogen Sulphate.—As the oil was found to have 
acetyl vaiue of 16.8, further determmations of the acetyl and the iodine values were carried 
out with the oil after treatment with potassium hydrogen sulphate at a high temperature 
by the method of Athawale (Ind. & News Ed., this Journal, 1947, 10, 89). No appreci- 
able change was, however, observed. ‘Therefore it was concluded that no hydroxy-acid 
was present and the acetyl value niight be due to the presence of some mono- or di- 
glyceride. It was further observed that mixed fatty acids did not give any acetyl value. 

Fatty Acids.—-The method adopted for identifying and estimating fatty acids 
present as glyverides in the oil was that recommended by Hilditch (“‘Chemical Constitu- 
tion of Natural Fats’’). The weight of the mixed acids obtained was 92.2% on the 
weight of the oil saponified. The mixed acids gave I.V., 122.4, sapon. equiv., 277.5 and 
no acetyl value. 


The mixed acids were separated into solid and liquid acids by Twitchell’s lead-salt 
alcohol method with further modification as recommended by Hilditch (loc. cit.), 
showing the foHowing constants, 
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TABLE II 
Solid acids (17.24%). Liquid acids (82.76%). 
Sapon. equiv. 264.2 283.3 
Iodine value 5-5 133-5 


The solid and the liquid acids were converted into their methyl esters and frac- 
tionally distilled under reduced pressure (3 mm.). The iodine, saponification equivalent 
and thiocyanogen values of the various fractions were determined. The last value was 
determined by the A. O. A. C. method. The results obtained with different fractions of 
esters from liquid and solid acids are shown in Tables III and IV respectively. 


TABLE III 


Esters distilled (liquid acids) = 103.1 g. 


Frac- Temp. in dis- Wt. of the I.V. SCN value S.E. Calc. comp. of ester fractions. 
tions. tilling flask. fractions. Oleic. Linoleic. Sat. 
I 148-153° 19.663 g. 121.6 80.1 289.1 8.418 9.024 2.221 
2 153-155" 8.786 131 5 83.2 291.5 3-398 4.693 0 695 
3 155-158° 19.133 137.2 87.1 293-1 7-500 10.600 ©973 
4 158-161° 41.903 139.2 90.0 294.2 18 940 22.800 0.163 
5 11.132 130.2 81.1 204-5 3-953 6.043 1.136 
Total 100.617 Total 42.269 53.160 5-188 


Grand Total 100 617 


On distributing the distillation loss (2.483 g.) the oleic, linoleic and saturated esters 
would be 43-312, 54-472 and 5.316 g. respectively. The composition of the esters in each 
fraction was calculated by means of iodine and thiocyanogen values. 


The acids from the above fractions, on oxidation with alkaline potassium perman- 
ganate (Lapworth and Mottram, J. Chem. Soc., 1925, 1628) gave dihydroxystearic acid 
[m.p. 134-35°; M. W. (found), 315; M. W. (cale.), $16] and tetrahydroxystearic [m.p. 
154-55°; M.W. (found), 3473 M. W. (calc.), 348]. 


’ TABLE IV 


Esters distilled (solid acids) =25.39 g. 


Fractions. Temp. Wt. of LY. S.E. Calc. composition of ester fractions. 

fraction. Cy ¢ Cis- Cis. Unsat. 

I II0-140° 2.983 3.8 250.0 2.1555 0.7123 “ 0.1148 

2 140-148" 7.752 5.2 272.1 ove 7.048€ Q.2950 0.4084 

3 148-155° 6.164 5-4 279.72 ees 3.8557 1.9610 0.3373 

4 155-158° 4.156 5-7 290.7 oe 1.0750 2.8410 0.2400 

5 oa 3.086 5.8 291.15 De 0.7037 2.2010 0.1813 
Total 24.141 Total 2.1555 13.4057 7.2980 1.2818 


y Grand Total 24.141 
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On distributing the distillation loss (1.249 g.), Cis, Cis, Cis and unsaturated esters 
would be 2.2670 g., 14.0904 g., 9.6756g. and 1.3480 g. respectively. ‘The respective 
ester composition from each fraction was calculated by the formulae given by Hilditch 
(loc. cit.). 

Saturated acid esters (5.316 g.), occurring with the unsaturated acid esters, were 
distributed proportionately in total C,, and C,, acid esters, as C,, or higher saturated 
acids did not pass appreciably into the liquid acids with the lead salt separation (Hilditch). 
Unsaturated acid esters (1.345 g.), occurring with the saturated ones, were propor- 
tionately distributed in total oleic and linoleic esters. 


Thus, the percentage composition of the total acid esters was found to be myristic 
2.338, palmitic 14.5, stearic 5.972, oleic 34.19 and linoleic 43.0. 

Acids from fraction 1, on repeated crystallisations from 80% alcohol, gave palmitic 
acid ‘m.p. 59-61") and from 65% alcohol it gave myristic acid (m.p. 53-55°) while acids 
from fractions 2-5, on repeated crystallisation from alcohol, gave stearic acid (m.p. 
68-69°) and palmitic acid (m.p. 61°). ‘The identity of these acids was confirmed by means 
of mixed melting point method with authentic specimens. 


Fully Saturated Giycerides.—The neutralised oil (100 g.) was dissolved in dry 
acetone {1000 c. c.) and was oxidised by finely powdered and sieved KMn0O, (400 g.), 
as recommended by Hilditch (loc. cit.). The reduction of unchanged permanganate, 
recovery of organic products, removal of acid preducts of oxidation etc. were worked up 
as usual. The final product, supposed to be neutral non-oxidisable, weighed 10.5 g., 
but it was found to have iodine value of 57.15 and so it was resubmitted to the oxida- 
tion process. The ultimate residue, non-oxidisable, was found to be o.1 g. Therefore 
the oil obeys the rule of even distribution. 


Water Extract cf the Oil-free Cake.—The oil-free cake (500 g.) was extracted with 
distilled water and the extract gave all the tests for hexose sugar. So the water extract 
was treated with phenylhydrazine and acetic acid and the osazone obtained melted at 204°. 
Its mixed melting point with the osazone of Merck’s glucose (m.p. 205°) was unde- 
pressed, indicating the presence of glucose in the aqueous extract. The Fehling 
estimation showed 0.89% glucose on the weight of the cake. 


The authors express their gratitude to the college authority for the grant and 
facilities supplied for the work. 
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ACTION OF PUTASSIUM SULPHITE ON POTASSIUM PERMANGANATE 
By KunpDAN LAL AND GURDEV SINGH 


When a normal solution of potassium sulphite is added to an 1% KMn0Q, solution (50 c.c.', a precipi- 
tate of general compositon xK,9, yMnO, zMnQ, is formed. This composition remains unchanged 
except in presence of the unreacted permanganate. The reaction leads to the formation of sulphate and 
hydroxide. The composition of the precipitate varies whe: the concentration of KMnQ, solution 
changes 


Dunnicliff:and Nijhawan (J. Chem. Soc., 1926, 1) and Muhammad and Ahluwalia 
(this Journal, 1941, 18, 309) studied the action of H,S on solutions of permanganates of 
potassium, barium and ammonium. - They also have shown the formation of the com- 
pounds of varying composition i.e. x RO, y MnO, z MnO,, n H,O. 


Various aspects of the reaction of H.SO, or SO, on permanganate solution have 
been studied by different workers (Iidward and Chevillot, Ann. chim. phys., 1817, ii, 
4, 287; 1818, 8, 337; Buignet, J. pharm. chim., 1859, 36, 122; Forsos and Gelis, ibid., 
36, 113; Hodgkinson and Young, Brit. Assoc. Rep., 1892, 6763 Chem. News, 1892, 
66, 109). Alkali sulphite was found to be completely oxidised to sulphate 
with the formation of a precipitate of the similar type which varied with the varying 
concentration of the permanganate solution (cf. Honig and Zatzek, Monatsh., 1883, 4, 
738; 1885, 6, 492; 1886, 7, 48). 

A normal solution of potassium sulphite {95% sulphite and 5% sulphate) was added 
dropwise with constant shaking to KMnQ, solution (50 c.c., 1%), taken in a beaker sur- 
rounded by ice till the colour of the permanganate was just destroyed. The experiment 
was performed in duplicate. A dark brown precipitate, thus formed, was filtered, washed 
with water andanalysed. It was found to contain MnO,, MnO and K,O.. The man- 
ganese dioxide was determined indirectly by treating the precipitate with strong HCl 
and distilling the chiorine evolved into potassium iodide solution. In the solution 
potassium was estimated by sodium cobaltinitrite, and manganese by pyrophosphate 
methods. The approximate molecular ratio of K,O: MnQ: MnO, was found 
tober: 1:4. The filtrate from the precipitate was found to contain only sulphate and 
hydroxide of potassium. Manganese was found to be absent in the filtrate. Thio- 
sulphate and dithionate were also found to be absent. Sulphate was estimated as BaSO, 
and hydroxide by direct titration against oxalic acid. Total potassium in the filtrate 
was accounted for as SO,” and OH’ contents. 


Again, the experiments were performed in duplicate with the increasing volume 
of sulphite solution. Here too, the precipitate was found to have the composition as 
K,0: MnO: 4 MnO,. The filtrate contained unreacted SO,” in addition to SO,” and 
OH’. The sulphite content was estimated by titrating against a standard solution of 
iodine. To determine SO,” content, the SO,” was oxidised and the total SO,” estimated 
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as usual and the SU,” resulting from SO,” was subtracted from the total. Thiosulphate 
and dithionate were found to be absent in these stages of the reaction also. 


With insufficient amount (the threefourth and half) of the salphite solution, required 
for decolorisation of the permanganate solution ‘50 c.c , 1%), some difficulty was ex- 
perienced as a precipitate continued to form in the filtrate. Experiments were per- 
formed and the filtration was done after different intervals of time. The composition 
of the precipitate was found to vary. ‘Lhe longer the time for the filtration, the greater 
was the amount of MnQ, in the precipitate. In addition tothe free permanganate 
there were also SO,” and OH’ in the filtrate. 

The composition of the precipitate was 2. K,0. 2 MnO. 7 MnO, when the sulphite 
solution was added to-50 c.c. of 0.5% KMnO, till the colour of the solution 
was just destroyed. When the conceutration was raised to 20%, the composition was 
found to be 2K,0. MnO. 7Mn0O, (Table II). 

So far as the SO,” content is concerned, there is a regular increase up to. a maximum. 
It then remains constant as the oxidation of SO,” to SU,” stops, when whole of the per- 
manganate is cousumecd. The excess of the sulphite remains unreacted in the filtrate. 
Regarding the OH’ there is more or less a regular increase, possibly due to the increasing 
volume of the sulphite solution. Prolonged contact of the precipitate with the filtrate 
increases the amount of MnQ, form2d and decreases that of OH’. 

In the intermediate stages and thereafter, the composition of the precipitate remained 
unchanged, i.e. K,0. MnO. 4MnU,. The composition in the preliminary stage corres- 
ponds to K,O. MuQ. 2MnQ,. In the stage next to the preliminary, the composition 
of the precipitate is intermediate between those corresponding to decolorisation and 
the preliminary stages especially (‘Table 1). 


TABLE I 
Analaysis of the precipitate. 
(K,SO, solution being normal, 1% KMnO,=50 c.c.). 


Expt. Vol. of Decomp. Mol. ratio Expt. Vol. of Decomp. Mol. ratio 
No. su'phile of KMnQ,. of (approx } No. sulphite of KMnO, of (approx.) 
soln K,O :MnO :MnQy. soln, K,0 :MnO :MnQ3. 

I 5-0 cc. 52.45 % I:1:2 5 10,26 C.C. 100,00 % I°r%4 

2 7.50 (tShrs. 76.52 1:1:4 6 12.20 . 13134 

interval) 
7-5 (36 hrs.) 80,17 tf 7 14.20 - 1:1°4 
4 10.20 100.00 13334 8 16.20 a 1:1°4 
TABLE II 


Effect of conc. on the composition of the precipitate, 
(K,SO, solution being normal). 


Expt. KMnO, Sulphite Mol. ratio Expt. KMnO, Sulphite Mol. ratio 


No. soln. :oln, of (approx.) No. soln. soln. of (approx.) 
K,0:MnO :MnO, K,0 :MnO :MnOg 

1 0.50 % (50 ¢.c.) §.59¢.c. 32:7 3 1.00 % (so0.c.c.) 10.20 ¢.c. t3334 

2 1.00 2 10.20 13134 4 200 (25¢.c.) 10.40 2:32:97 
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According to Cocosinschy (Z. anorg. Chem., 1930, 176, 186; 1950, 293, 189) the 
acidic properties of hydrated manganese dioxide are very feeble, and as a result this 
shows a greater tendency to form polymerides and polypermanganites. Polyperman- 
ganous acid, H,Mn,0,;, may be formed in the preliminary stage of the reaction. Its 
formation may be represented thus: 


OH H'O 
o=Ma¢ : Mn=0, —> H,Mn,0,+H,0. 
OH HO 


Therefore the compound K,O. 2MnQ, in the preliminary stage may be represented 
as K,Mn,0;. The other compounds are higher polypermanganites which are derived 


from the simpler one. Further, it has been noticed that varying concentration of per- 
manganate solution is responsible for the the formation of various polypermanganites. 


The work is in progress and the reaction of sulphur dioxide on solutions of perman- 
ganates of Ca, Ba, Ag and NH, etc. is under investigation in this laboratory. 


UNIVERSITY CHEMISTRY DEPARTMENT, Received July 29, 1953. 
HOSHIARPUR, PANJABs 
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DETERMINATION OF THIOCYANATE BY CERIC SULPHATE 


By G. S. DesHMUKH AND M. K. Josur 


A titrimetr’c method for the estimation of thiocyanate, based on its oxidation by ceric sulphate. is 
described. The use of ceric sulphate in argentometric titration and also in the determination of metals 
forming thiocyanate complexes is suggested. 


The two important properties of thiocyanate ion, which form the basis of numerous 
analytical methods of its determination are the ease of formation of its complexes and 
facile oxidation of the sulphur atom to sulphate. This last has led to the study of the 
adaptibility of various oxidising agents for the quantitative determination of thiocyanate 
and/or the metal forming the stable complex (Furman, J. Amer. Chem. Soc., 1928, 
56, 1322; Lang, Z. anorg. Chem., 1925, 142, 280; Manchot and Oberhauser, ibid., 
1923, 180, 161; Prodinger, ‘““Organic Reagents used in Quantitative Inorganic Analysis’, 
1940, pp. 156-66). 

Earlier ovservations (Deshmukh and Sant, Proc. Ind. Acad. Sci., 1953, 817, 504) 
showed that thiocyanate was oxidised quantitatively by ceric sulphate according to the 
reaction : 

6Ce(SO,), + KCNS + 4H,O —> 3Ce,(SO,); + KHSO, + 3H,SO,+HCN (i) 
Since under the given operative conditions the determination of thiocyanate by direct 
titration against ceric sulphate was found to be impracticable, the utility of the oxidation 
process was restricted to an indirect estimation of cerium. These observations, however, 
emphasised the necessity of modifying the above procedure. Several experiments were 
therefore carried out to evolve a method for the titrimetric determination of KCNS by 
Ce(SO,).. 

EXPERIMENTAL 


Using Merck's cerous nitrate, pure ceric ammonium nitrate was prepared electroly- 
tically as described by Spencer (‘“The Metals of the Rare Earths’, to19, p. 91). This 
on ignition gave a pale yellow ceric oxide indicative of the absenve of Fe and other 
familiar congeners of cerium. ‘The oxide was digested in pure concentrated sulphuric 
acid; the yellow paste was extracted with water and the solution diluted till its overall 
acidity was 3-4N. Its standardisation was carried out according to the procedure 
recommended by Smith and Getz (Ind. Eng. Chem. Anal, Ed., 1938, 10, 304). The 
thiocyanate solution was standardised by Volhard’s method. 

To a known exces$ of standard ceric sulphate solution an aliquot portion (10 ml.) 
of KCNS was added with constant stirring, followed by concentrated sulphuric acid to 
increase the total acidity of the solution to about 6N. It was then boiled gently for 
about 10 to 15 minutes till the odour of hydrocyanic acid was imperceptible. _ The flask 
was then cooled to room temperature and the excess of ceric sulphate was back-titrated 
against standard Mohr’s salt solution using ferroin as the indicator. The difference in 
the initial and back titre values showed the amount of ceric sulphate consumed for the 
oxidation of thiocyanate. From this, the quantity of KCNS in the given solution was 
calculated according to equation (i), A representative set of results is shown in Table I, 
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TABLE I 
1 ml. of o.1N Ce(SO,), = 0.001616 g. KCNS. 
Sb 
Normality KCNS. to eH Error 
of KCNS. Conc. Vol. Volhard. Ce (SO4)s. (approx). 
0.04742 20.0 ml. 0.06594 N 86.20 ml © 09200 0.09" 89 0.1% 
0.04151 200 0.1002 49.82 0.08052 o 08071 0 25 
0.03894 20.0 0.06594 70.80 0.07556 , 007548 0.10 
0.03768 20.0 0.08802 51.30 0.07310 0.07300 013 
0.94742 10.0 0.06594 43.10 0.04600 © 04595 C.11 
0.04151 10.0 0.1002 24.90 0.04026 0.04035 0.25 
0.03394 10.0 0.06834 34 10 0.03778 0.03768 0.26 
0.03768 10.0 0.08802 25 65 0 03656 0 03450 0.18 
0.04742 50 0.03966 36.40 0 02324 0 92334 0 43 
0 03894 5-0 0.06594 17.70 0.01889 0.01887 0.21 
0.004069 20.0 0.92893 16.84 0 0078q1 0.007875 0 20 
et 10.0 - 8.42 0 003946 0.003933 0.20 
- 5.0 os 4.21 0.001973 0.001969 0.20 
- 5.0 pal 4-21 0 001973 0.001969 0.20 


In consideration of the oxidisjng agents, valuable in quantitative analysis, ceric 
sulphate presents marked possibilities because of its resistance to decomposition on 
standing or even boiling ‘Willard and Young, J. Amer. Chem. Soc., 1929, 51, 1493 
1933, 55, 3260). Remarkably greater stability of this oxidant, as compared with 
that of others like KMnO, and K,Cr,0,, offers therefore a distinct advantage in adopting 
the above procedure for the determination of thiocyanate. It has been observed that 
the accuracy of the results is not affected by the order of mixing thiocyanate and ceric 
sulphate. Erroneous and* unreproducible values were, however, obtained when the 
total acidity of the solution was below 4N and/or the HCN formed during the reaction 
was not expelled completely by boiling the mixed soiution (cf. Table II). 


TABLE II 


Effect of acid conc. and time of boiling on the reaction. 


KCNS by 
Overall normality Time of boiling — -—--— Error 
of H,SO,. Volhard. Ce (SO4)2. i 2x.) 
2-3 Nil 0.0459 0 0434 ; 
ob Nil 0.0459 0.0426 

3-4 15 mins. till no smell of HCN 0.0377 0.03750 © 

4°5 0.03778 0.03760 © 

5-6 * 0.03780 0.03781 0.1 
Above 6 N pe 0.03780 0.03780 Nil 

Nil 0.03780 0.03700 3 


9 
Preliminary work on the utility of ceric sulphate in argentometric titrations and 
estimation of various metals forming stable thiocyanate complexes has shown encourag- 


ing results. This will be communicated separately at a later stage. 
The authors thank Prof. S. S. Joshi for facilities and kind interest in the work. 


Thanks are also due to the Scientific Research Committe, U. P. Govt. for the award of a 
research assistantship to one of them (M.K.J.). 
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INTERFACIAL TENSION AND COMPLEX FORMATION. THE SYSTEM: 
CoCl,—KCI--H,0 


By HEeEMLATA J. Kazi AND C. M. Desar 


Interfacial tension of mixed solutions of cobaltous and potassium chlorides with isoamyl acetate 
indicates the formation of four complexes in solution 


The existence of complex anion CoCl,?~ in solution of cobaltous chloride with other 
chlorides has been shown by a number of workers (Yajnik et al., this Journal, 1942, 19, 
356 ; Bhagvat, ibid., 1940, 17, 52; Getman, J. Phys. Chem., 1922, 26, 217 ; Watkins 
and Denham, J. Chem. Soc., 1919, 115, 1269). Bhatnagar and Kapur (this Journal, 
1932, 9, 341 ; 1936, 18, 489) have shown by magnetic study of the colour changes in 
cobalt chloride that the addition of chloride results in the formation of ions of CoCi,~ 
and CoCl,’~ type. 

It was thought interesiing to see what molecular species cobalt chloride would form 
with potassium chloride in dilute pink solutions by means of interfacial tension measure- 
ments of mixed solutions with isoamy] acetate. 


EXPERIMENTAL 


The salts used were of standard quality. T'wo pairs of stock solutions of M/1 and 
M/40 of cobaltous chloride and potassium chloride each were prepared in distilled water. 
The results of interfacial tension are shown in Fig. 1. 
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The curves indicate four peaks at points corresponding to 8, 12, 24, 48 ¢c.c. and 
two peakes at «2 and 24 c.c. of cobalt chloride solutions in each case. ‘These points 
represent the formation of complexes in which the stoichiometric ratios between potassi- 
um chloride and cobalt chloride are 3:1, 2:1, 1:1, 1:2, and 2:1, 1:1 respectively. 

Received December 15, 1953. 
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INTERFACIAL TENSION AND COMPLEX FORMATION. THE SYSTEM: 
CoCl,—Na(NH, OR Li)CI—H,0. 
By Hemiata J. Kazi AND C. M. Desai 
Interfacial tension of isoamyl acetate against mixed solutions of ammonium (sodium or lithium) 
chloride and cobalt chloride indicates the formation of two to four complexes. 
In this paper the results obtained with the systems NH,Cl (NaCl or LiCl)—CoCl,— 
H,O with varying concentrations of salts are reported. 


EXPERIMENTAL 


The salts used were of standard quality and recrystallised. Two pairs of stock 
solutions of M/1 and M/40 cobalt chloride and ammonium chloride each and also two 


pairs of stock solutions of M/2 and M/4o0 sodium or lithuim chloride and cobalt chloride 


each were prepared in distilled water. In case of the series of ammonium chloride system, 


24c.c. of ammonium chloride (M/1 or M/40) and different volumes of cobalt chloride 


(M/1 or M/40) solution were made up to 100 c.c. with water. Similarly, a series of 


solutions was prepared of sodium or lithium chloride and cobalt chloride (M/40) each. 
In case of the series, prepared with M/2 stock solutions, 12 c.c. of sodium or lithium 
chloride and requisite volumes of cobalt chloride solutions were made up to 40 c.c. 
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The interfacial tension values of the mixed solutions prepared by the monovariation 
method are shown in Figs, 1, 2, 3. 
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The curves for the series of solutions from M/40 stock solutions of the salts indi- 


cate peaks corresponding to the formation of complexes, a, 6, c and d; while those 
for M/1 or M/2 stock solutions of the salts indicate peaks correspending to the forma- 
tion of two complexes, 6 and c. ‘The results obtained agree among themselves with 
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respect to the number of complexes and their molecular composition. At lower con- 
centrations the formation of greater number of complexes is favoured. 
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INTERFACIAL TENSION AND AUTO-COMPLEX FORMATION IN 
AQUEOUS CUPRIC CHLORIDE 


By HemiaATA J. Kazi AND C. M. DgsSAI 


Interfacial tension of aqueous cupric chloride with isoamy] acetate indicates five peaks in tension- 
concentrations curves. 


Solly (Phill. Mag., 1843, iit, 22, 367) and Gladstone (J. Chem. Soc., 1856, 8, 212) 
observed that a solution of copper chloride in a small proportion of water was dark 
brown and the colour gradually passed through various shades of green, light green, 
bluish green, greenish blue and blue, as the proportion of water was increased. 

Wiederman (Brit. Assoc. Rep., 1887, 364) attributed the colour changes to the 
progressive solvation of the solute. This view is favoured by Chuard (Archiv Sci., 
Geneva, 1888, iii, 19, 447). 

CuCl, (brown) + n H,O —» CuCl,, n H,0 (blue) 

Donnan and Basset (J. Chem. Soc., 1902, 81, 939), however, attributed the colour 

changes on dilution to the formation and dissociation of complex ions. 
CuCl," (brown) —> CuCl, ‘blue).+ 2 Cl7 

The above hypothesis is supported by Watkins and Denham (ibid., r9r9, 118, 1269) 
and Bhagvat (this Journal, 1940, 17, 52). 

Getman (J. Phys. Chem., 1912, 26, 917) is in favour of a compromise between the 
hydration and complex-ion formation theories ; thus in dilute solutions halides form 
complexes with molecules of the solvent and in concentrated solutions complex ions 
are formed. Spectrophotometric investigations led Spacu and Murgulescu (Z. physikal. 
Chem., 1934, 170A, 71) to the conclusion that Beer’s law could be applicable at short 
and long wave-lengths only, if the presence of CuCl,*~ and CuCl* ions, respectively, was 
assumed. ‘The general inapplicability of Beer’s relations to copper chloride solutions 
has also been attributed to the presence of mixtures of Cu’*, CuCl*, CuCl,~ and CuCl,?~ 
ions (Bhagvat, loc. cit.). 

The work of Vajnik etal. (this Journal, 1942, 19, 356) on the magnetic studies of 
colour changes in cupric chloride solutions has shown that the colour change is associated 
with the break in the susceptibility-concentration curve and is due to the formation 
or dissociation of complex ions of the type CuCl,~ and CuCl,’~. Thus, 


CuCl, — Cuci*+cI- 
CuCl,+CI- [7 CuCl 


CuCl, +CI- [> CuCl,- 


In the present work interfacial tension results of isoamyl acetate against aqueous 
solutions of cupric chloride with varying salt concentrations are reported. 
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The interfacial tension measurements were carried out with solutions whose concen- 
trations ranged from 2M to M/100,000. The results shown in Fig. 1 indicate five peaks 
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corresponding tu concentrations 1.2M, 0.676M, 0.255M, 0.008M and 0.0005M of CuCl). 
These peaks may be due to the changes in the ionisation character of salt with change 
in its concentration in solution, as illustrated in the following sequence, and the forma- 
tion and dissocia‘ion of complex anions due to the auto-complexing process. 


Cu**(CuCl,),~ 


+) — cut (CuCl,)?- 
* <= Gut*(CuCl,)?- ; 


Cu** (CuCl, <- 


%,,2+ 2- 
aed Cu (CuCl) —_> Cc 2+ + ci- 
u 21 


Cu?* + 2ClI~ 
The authors are grateful to the college authority for facilities and grant given for 
the work. 
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SOLUBILISING EFFECT OF SOME BASIC ORGANIC COMPOUNDS 
ON LEAD AND ZINC SOAPS 


By Benoy KRISHNA CHATTERJEE AND SANTI R. PALitT 


Amines are found to be good solubilisers for lead and zinc soaps in weakly polar solvents, 
whereas ketones, ethers and nitro compounds are almost powerless in this respect. Of the three 
amines, the secondary amine is found to be the most powerful and the general order is: secondary > 
primary > tertiary. Glycols have considerable solubilising power for matallic soaps, though much less 
than that for alkali meta! soaps, but generally speaking, they are inferior tothe amines. Any compound 
which is structurally both a glycol and an amine, preferably a secondary amine, is predicted to possess a 
powerful solubilising effect on metallic soaps ; diethanolamine has been investigated and found to behave 
in agreement with this theoretical expectation. 


It has been shown by Palit and co-workers that glycols are strong solubilisers for 
both alkali metal soaps (this Journal, 1942, 19, 271; 1949, 26, 577; J. Amer. Chem. Soc., 
1947, 69, 3120) and heavy metal soaps (J. Amer. Oil Chem. Soc., 1947, 24, 190) and 
Palit attributed the powerful co-solvent action to strong solvation of oxygen of soaps 
through the hydroxylic hydrogen of glycols, the latter having a strong hydrogen- 
bonding tendency. Pink etal. (J. Chem. Soc., 1948, 1750; 1951, 1804) have lately 


observed that compounds having co-ordinating groups, specially organic bases like 
piperidine and pyridine, exert very marked solubilising effect on metal soaps. 

The presext paper describes experiments to compare the solubilising power of vari- 
ous amines and also glycols on metallic soaps of lead and zinc with a view to throwing 
light on the mechanism of this solubilising action. 


EXPERIMENTAL 


Merck’s pure stearic acid was crystallised three times from hot alcohol. The puri- 
fied sample has m.p. 69-70°. Lauric acid was obtained from Pisa seeds which contained 
a very high percentage of lauric acid (Puntambekar and Krishna, this Journal, 1933, 
10. 395; Agarwal, J. Sci. Ind. Res., 1950, 9B, 275) and was crystallised three times from 
hot alcohol. The purified sample has m.p. 43-44°. The sodium soap was prepared 
by neutralisation in hot alcoholic solution, and the corresponding metal soaps were 
then precipitated by reacting the metallic salt solution in a small quantity of distilled 
water (taking approximately 4% in excess of the theoretical amount) with hot alcoholic 
solution of the sodium soap, the latter being added dropwise while the whole medium 
was continuously stirred, preferably at 40° to 50°. ‘The precipitate was filtered on the 
Buchner and was repeatedly washed with hot distilled water until the filtrate gave 
negative test for the metal salt used. The samples, thus prepared, were dried and 
were finally crystallised from hot chloroform solution, and ultimately analysed 
quantitatively by standard methods. The percentages of respective metal contents are 
as follows: Lead stearate, 26.70% Pb (calc., 26.78%): lead laurate, 34.17% Pb (calc. 
34.21%) ; zine stearate, 10.25% Zn (calc. 10.36%). 
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The soap was taken in a pyrex tube (18 x 70 mm.) fitted with a ground glass stop- 
cock and the solvent was quickly introduced and weighed. The tube was kept sus- 
pended up to the neck inside water in a glass bath heated to a regulated temperature 
(controlled within + 0.5”) and the corresponding ‘“‘solution temperature’ (S.T.) was 
observed carefully. The solution was maintained each time at the corresponding S.'T. 

for a considerable period to verify that complete solution did not take place. Additives 
in measured drops were introduced through a fine syringe and the corresponding 
readings for S.T. were noted. 


DISCUSSION 


In Fig. 1, we have presented our results for the solubilising action of various subs- 
tances on 1.33% mixture of lead stearate in chloroform. The graph gives the tempera- 
ture at which this mixture becomes clear on addition of additives, the percentages being 
calculated on the total weight of the metallic soap—chloroform mixture. It appears 
that bases and propyleneglycol are powerful solubilisers, whereas dioxane, methyl- 
ethyl ketone and ortho-nitrotoluene are almost ineffective. Piperidine seems to be 
the most powerful solubiliser and next comes morpholine, and next diethyleneglycol, 
followed by pyridine. In this graph, as also in the others to follow, dotted portion signi- 
fies a little residual haziness which would not clear easily. This haziness, though usually 
very slight, may be due to some impurity or to the formation of some oxide or basic 
oxide of the metal. 


Fic. 1 


Effect of additives on S.T. of lead stearate (1.33 %) —CHCl; mixture. 





Additives are: 











(1) Methylethyl ketone 
(2) o-Nitrotoluene 
(3) Dioxane 


(4) Pyridine 


Soiution temp. (°C). 


(5s) Morpholine 


(6) Propyleneglycol 














(7) Piperidine 


% Additive. 


Similar results are obtained with zinc laurate (Fig. 2) excepting that here pyridine is 
found to be more powerful than in the former case. Secondary amines are generally 
very powerful and this action of pyridine, which is a very weak tertiary amine, is rather 
unexpected and needs closer investigation. 

In order to have a detailed information on the relative actions of various additives, 
we carried out experiments with lead laurate. ‘Ihe results are shown in Fig. 3. 
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FIG. 2 


Effect of additives on S.T, of zinc stearate (1.33 %) —CHC1; mixture. 


Additives are : 


m-Nitrotoluene 
Propyleneglycol 
Morpholine 
Pyridine 


Piperidine. 


ETC. 
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Solution temp. 











% Addilive. 


Fic. 3 


Effect of additives on S.T. cf lead laurate (2 %) —CHCI, mixture. 





Solution temp. 














% Additive. 


Additives are : 


Diethanolamine 
Mono- a 
Tri- * 
Piperidive 
Pyridine 
Diethylamine 
Ethylamiue 
Triethylamine 
Di-n-butylamine 
n-Butylamive 
Tri-n-butylamine 
Morpholine 


Propyleneglycol. 




















R. 
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Fic. 4 


Effect of additives on S T. of stearates of Pb and Zn. 








(1) Zine stearate in diethanolamine (1.76 %) —CHCl; 
(2} Zn stearate in pyridine (2 %) —CHCI, 


(3) Pb stearate in diethanclamine (1.76 %) —CHC1, 


Solution temp. 


(4) Pb stearate in propyleneglycol (2 %) —CHCl. 








@ 


% Soap. 


The secondary bases appear to be very powerful solubilisers, so much so _ that 
an addition of less than 0.4% additive brings Cown the S.T. of 2% lead laurate-chloro- 
form mixture from 52° to below room temperature. It would be seen, however, that 
propyleneglycol, though more powerful than pyridine, is much less so than the other 
amines. 

Comparing the three series, mono-, di- and tri-ethylamines, mono-, di- and tri-butyl- 
amines, and mono-, di- and tri-ethanolamines, and also piperidine and pyridine, we find 
that secondary amine is the most powerful in each series. Since it is known that the 
secondary amine is the strongest base among the three, an explanation for which has 
already been offered by one of the authors (Palit, J. Phys. Chem., 1947, 51, 1028; 
this Journal, 1945, 25, 127), this seems to indicate that among compounds of similar 
structure, the strongest base is the most powerful solubiliser. However, the structural 
factor should also play an important role. In fact, one should expect this to depend 
on the complexing or solvating power of the additive for the insoluble portions of the 
soap, which latter presumably are comprised of the metailic part and the -COO-— portion 
of the soap. The amines probably solvate the metallic portion, and this explains why 
the amines do not solubilise alkali metal soaps, as the alkali metals do not form com- 
plexes with amines. Since the same order of complexing power is not observed for a 
number of amines, against all metals it is evident that two metallic soaps may respond 
in a different way to a number of solubilising bases. The striking difference between 
lead and zinc soaps against pyridine and piperidine is attributable to such a cause. 

Since secondary amines are powerful solubilisers for metal soaps, and since glycols 
are also fairly strong co-solvents, we should expect that a compound which is a glycol 
as well as a secondary amine at the same time, should be a highly powerful solubiliser for 
metal soaps. This has been confirmed by the observation that mixtures of lead laurate 
and say, chloroform, clarify at once on adding a drop or two of diethanolamine, which is 
both a glycol and a secondary amine. Since the effect of glycol is stronger on lead soap 
than on zinc soap, we expect diethanolamine to be more powerful against lead 
soaps than on zinc soaps, and in practice, this is actually the case, as is shown in Fig. 4. 
In fact, 1.76% diethanolamine-chloroform mixture can perfectly solubilise 8% lead stea- 
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rate at near about room temperature (27°), whereas for the same amount of zinc stearate, 
the above mixture is iess powerful, solubilisation taking place at a higher temperature 
(37°). It would be of interest to study other compounds having similar structural 
combinations for solubilisation of various metallic soaps. It is suggested that such 
bifunctional compounds, of which diethanolamine is an example, may be used as solu- 
bilisers aud plasticisers for metallic soaps for treating textiles and other materials with 
matallic soaps. 

The authors’ thanks are due to Mr. B.S. Bathena, Forest Utilisation Officer, 
Bombay State, Poona for the supply of Pisa seeds and to Dr. J. S. Agarwal, National 
Chemical Laboratory, Poona, for bringing to thelr attention the method of extraction 
of pure lauric acid from Pisa seeds. 
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THE SILVER ELECTRODE AS INDICATOR FOR HYDROGEN IONS 
By H. Kuwaira AND I. M. ISSA 


It is found that the potential set by the silver electrode, as the pu of the solution is increased 
gradually. is a linear function of pa from px 2 to 9, with a potential —px gradient amounting to «21 mv. 
It could be used for determining the end-points in the neutralisation of acids with alkali hydroxides. 
The titration curves are characterised by reasonable jumps at the end-points. The latter points did not 
deviate much from the visually determined ones by the aid of indicators. However, it is not very 
useful in determining the pu values of solutions. 


In studying the electrochemical behaviour of metalljc silver in solutions of different 
ba (to be published later), one of us (Issa) observed that the potentials set manifested a 
certain tendency to vary with the px of the solution. From that study it is concluded 
that anions possess a pronounced effect on the electrodic behaviour of the metal. 
Using Universal buffer solutions of Pridaux and Ward (Britton, ‘Hydrogen Ions’’, 
Vol. I, 3rd Ed., 1942, p. 312) with the same anions throughout the px range 1.18——11, 
more regular variations were observed than in the case of Clark and Lubs buffers 
(op. cit., pp. 301-310), especially in the acid solutions. 


This led us to the idea that silver might be of some value in determining the end- 
points in neutralisation processes. In this investigation it is aimed to find out how 
far this conclusion is borne out by experiment. 


EXPERIMENTAL 


The Electrodes.—The silver electrodes used consisted of rods of 2 cm. in length and 
8 mm. in diameter, fitted to glass tubings through a piece of rubber tubing. Electrical 
contact was maintained through a piece of copper wire welded to the part of the rod 
lying inside the glass tubing. The rods were of the spectroscopically pure metal 
supplied by Johnston and Matthey, England. ‘Two electrodes were used, an aged one 
and another which was always polished with fine emery paper before use. 


Buffer Solutions —The Universal buffer mixture of Britton and Robinson (cf. 
Britton, op. cit., p. 313), consisting of acetic, phosphoric and boric acids, was prepared 
using the Analar or the purified products. The solution was 0.04 M with respect to 
each acid. 

Solutions of Acids.—The acids titrated included hydrochloric, nitric, acetic, boric, 
sulphuric, oxalic, malonic, succinic, tartaric, maleic, citric and phosphoric acids. 
These were of the analytical reagent grade excepting boric acid which was purified by 
several crystallisations of a pure product and then dried over CaCl, in a desiccator till 
constant weight. The solutions were prepared by dissolving the appropriate amount 
in twice distilled water. The normalities of the strong acids were determined using 
sodium carbonate. All acids were also standardised with well prepared and checked 
sodium hydroxide solutions, using phenolphthalein as the indicator. 
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Sodium hydroxide solutions were prepared by diluting a more concentrated 
one (~18N), free from carbonate, with CO,-free water in an atmosphere of nitrogen 
and standardised with potassium hydrogen phthalate, using phenolphthalein as an indi- 
cator. 

All potential measurements were made at a constant temperature in a water thermo- 
stat adjusted at 35° + 0.05°. 

Titration Device and Working Procedure.—The titration was followed potentio- 
metrically using the silver electrode as the indicator for hydrogen ions. The titration 
vessel was coupled with a saturated calomel electrode as a reference half cell through a 
salt bridge filled with KNO,—agar agar mixture. 

In performing an experiment 25 ml. of the acid were placed in the titration vessel. 
The sodium hydroxide solution was added from a special device, and the change in 
the hydrogen-ion concentration followed potentiometrically by the aid of a polished 
and an aged silver electrode. Before beginning the titration, the electrodes were left 
immersed in the solution for ~60 minutes to attain thermal equilibrium. This time 
was found to be sufficient for attainment of the steady state potentials. Eyuilibria 
were rapidly attained after each alkali addition but a period of 5 minutes was always 
allowed for the mixing of the solutions to occur. 


Ep tn mv. 
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i. 300C.c. 0.1193N-acetic acid 
II. 20.0 ,, © 1860N-nitric 
III. 30.0 ,, 0,1280N-boric _,, 

The curves shown in Fig. 1 representing the neutralisation of the universal buffer 
mixture with NaOH were obtained by plotting the potentials set by a polished (curve A) 
and an aged silver electrode (curve B), at each alkali addition against the px of the 
solution as determined by the hydrogen electrode in a separate titration. These curves 
represent a linear potential — fx relationship within the px range 2tog. The siope of 
curve (A) amounts to ~21 mv per unit px change, whereas that of curve (B) is equal to 
21.5mv. ‘These potential — x gradients are small as compared with that of the hydrogen 
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electrode amounting to 61 mv per unit ps change at 35°, but indicates that both: 
polished and aged silver electrodes can serve for detecting the end-points in neutralisa 
tion reactions, The behaviour of the silver electrode under these conditions apparently 
differs from its behaviour in unstirred solutions, although a somewhat regular variation 
with px, throughout a wide range, was observed. 
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0.20N-NaOH added in ml. 0.20N-NaOH added in ml. 
I. 20.0 ¢.c. 0.1980N oxalic acid I. 20.0 c.c. 0.2025N citric acid 
II. m4 0.1977N malonic ,, IT. "a 0.2370N phosphoric acid 
ITT. o 0.1980N maleic ,, III. a. 0.1975N tartaric i 


Neutralisation Curves.—From the neutralisation curves of the above acids, 
some of which are shown in Figs. 2 to 4, the following conclusions could be drawn. 
Steep inflections in the region of the end-point amounting in the average to about 
100 mv were obtained in case of HCl, HNO, and H,SO,. The end-points coincided 
closely with the equivalence points irrespective of other conditions such as the nature 
of the electrode. Acetic acid yielded an excellent curve with an inflection at the end- 
point amounting to $o mv. The end-point occurred, however, 0.84% earlier. The 
titration curve of boric acid in the presence of glycerol shows a large inflection amount- 
ing to 125 mv. All dibasic acids manifest two inflections corresponding to the first 
and second steps of ionisation. The first of these is too weak to permit a determina- 
tion of the inflection point, while the second is quite sharp covering a range from 50 to 
125 mv. Citric acid shows but a single inflection corresponding to the third stage of 
ionisation. Phosphoric acid yielded two sharp inflections corresponding to the first 
and second steps of ionisation. The first of these inflections coincided fairly satisfactorily 
with the theoretical equivalence point, whereas the second occurred 1.0% late. 

For the sake of comparison, the theoretical volumes of alkali and the ones consumed 
in the titration of the different acids using the polished silver electrode, together with 
the % error, are shown in Table I. From these results it is apparent that silver electrodes 
are quite sensitive in determining the end-points in neutralisation reactions. 
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Taste I 
End-point Observed end- Observed end- 
Acid. by point (polished % Error. point (aged % Error. 
indicator. electrode) . electrode). 
Hydrochloric 20.90 20.93 0.14 20.96 0.28 
Nitric 18.60 18.67 0.38 18.64 0.22 
Acetic 17.90 17.75 0.84 17.75 0.84 
Boric 19.15 19.13 0.10 19.15 0.00 
Sulphuric 21.60 21 65 0.23 21.67 0.32 
Oxalic 19.80 19.78 0.10 19.70 0.51 
Malonic 19.77 19.77 0.00 19.77 0.00 
Succinic 19.83 19.8: 0.10 19.85 0.10 
Maleic 19.80 19.86 0.30 16.86 0.30 
Tartaric 19.75 19.67 0.41 19.67 9.41 
Citric 20.25 20.28 ors 20.25 0.00 
Phosphoric 1st step 11.87 11.85 0.17 II.90 0.25 
2nd step 23.75 24.00 1.05 24.00 1.05 


Apart from its use in the determination of neutralisation end-points, the silver 
electrode cannot be used satisfactorily for the determination of py. This is visualised 
by the fact that trials to calculate pK, values corresponding to the different neutralisa- 
tion stages of the weaker acids titrated gave results which deviated considerably from 
the values of the other authors (cf. Table IT). These values were calculated using the 
well known Henderson-Hasselbach relation (Z. Biochem., 1917, 78, 112), 


bu = PK’. — log [salt]/[acid] i » & 


in which the terms [salt] and [acid] correspond to the percentage of the neutralised 
and unneutralised portions of the acids respectively ; pK’, represents the classical 
dissociation constant and not the thermodynamic one, since the values of [salt] and 
[acid] are considered in terms of concentrations and not of activities. The values of 
Px to be substituted in equation (1) can be calculated from the relation : 


E. _ a oe XPua eee eee eee (2) 


in which E, represents the potentials (relative to the hydrogen electrode) set when 
40, 50 and 60% of the acid are neutralised. E’,, which represents the potential of the 
polished silver electrode at unit H* -ion activity, can be evaluated by extrapolating 
the pa—potential relation (curve A, Fig. 1) to py» = 0. By so doing an E’. value amount- 
ing to 360 mv was obtained in the case of the universal buffer mixture. ‘x’ which 
represents the potential—fxz gradient AE/Apsz amounts to 21 mv. Substituting for the 
above terms in relation (2), we calculated the px values of the solution at three stages of 
neutralisations, viz., when 40, 50 and 60% of the acid were neutralised. By apply- 
ing equation (1) and substituting for px, and for the ratio of the [salt]/[acid) ~*~ 
values were obtained, some of which are listed in Table IT. 
a—1851P—6, 
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TABLE II 
PK’s valnes 
40%. 50%. 60%, PK’ reported. 
Acetic acid 3-986 4.05 3.99 * 4.70 
Osalic acid 1st step 3-89 3-93 3.872 * 2.00 
and step 5.29 5.12 4.967 t 4.39 
Malonic acid _1st step 0.986 1.09 1.205 + 2.84 
2nd step 413 4.00 3.874 ** § 40 
Tartaric acid 2nd step 3.89 3.89 3.880 * 4.00 
Phosphoric acid 2nd step 6.376 6.365 6 358 +t 6.81 


* Britton, “Hydrogen Ions’’, 3rd. Ed , 1942, p. 183-184. 
+ Clark, “Determination of Hydrogen Ions", Baltimore. 1928, p. 678. 
~ German & Vogel, j. Amer. Chem. Soc., 1936, 58, 1546. 

** Britton, J. Chem. Soc , 1525, 1866. 

t+ Kiessling, Biochem, Z., 1934, 278, 103. 


Comparison of these values with those obtained by other authors reveals no agree- 
ment in most cases. ‘This conclusion excludes the applicability of the silver electrode 
in determining the dissociation constants of the aforementioned acids, and accordingly 
the fu of the solutions. 


DEPARTMENT OF CHEMISTRY, 
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STUDIES ON THE VELOCITY OF FLOW OF SOLVENTS OF SOME 
HOMOLOGOUS SERIES THROUGH CHROMATOGRAPHIC 
COLUMNS IN RELATION TO THEIR VISCOSITY, 
HEIGHT OF THE COLUMN AND DENSITY. 

PART II 


By D. R. Gupta AND ABANI K. BHATTACHARYA 


The velocity of flow of aromatic hydrocarbons, aliphatic alcohols, ketones and esters was deter- 
mined by passing the liquids through a fixed height of the columns of calcium hydroxide, silicic ac‘d, 
Fuller's earth, kieselguhr and sugar charcoal. It has been observed that (Vh/t) x(n/d) gives character- 
istic constants for different homologous series, suggesting that the flow of a solvent through the surface- 
active columns is fundamentally connected with the structural characteristics of the solvent molecules 
and specific adsorption affinity of the adsorbents. 

In continuation of our previous communication (this Journal, 1953, 30, 661) further 
studies have been made on the velocity of flow of a pure liquid through the adsorbent 
columns having a fixed height. Experiments have been performed with four different 
homologous series: aromatic hydrocarbons and aliphatic alcohols, ketones and esters. 
The results of our investigations show that a constant value is obtained for the expression 
(Vh/t) x (n/d), which is characteristic of the family of the solvents and the adsorbent 
column. The values of these constants have been determined by passing the liquids 
through different adsorbent columns. 


ExPERIMENTAL 


The procedure and technique in maintaining the pressure were the same as described 
in our previous paper (loc. cit.). The adsorbents were finely powdered and passed 
through a standard sieve in every case. The sieved powder was then stirred thoroughly 
in the solvent and warmed to expel the dissolved air, if any. The mixture was then 
gradually poured into the chromatographic tube having a bed of asbestos wool of 
constant thickness on the bottom sieve. In order to have uniform packing as far 
as possible by manipulation, the tube was frequently tapped while the liquid was 
drained through the column under a suitable suction according to the height of the 
column. When the desired height of the column was reached, the suction force was 
kept at the fixed value under which the flow of the liquid was to be determined. The 
method of measuring the rate of flow of the liquid was the same as described in our 
previous communication (loc. cit.). 

The height of the column was kept at 4.5 cm., the density of the liquid was .deter- 
mined by a pyknometer, viscosity by an Ostwald capillary viscometer. Having’ detér- 
mined h, d, » and the volume of flow, V, in time ¢, it was possible to calculate. the 
values of the expression (Vh/t)x(/d) in each case. ‘The results are recorded in the 
following tables. 
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‘TABLE I 
Height of Hg in the manometer = 34.5 cm. 
Temp, = 21.5° + 1°. 
Liquids. Volume. Time Viscosity 
taken. (100 X 9). 
MeOH 2 CL. 47.6 sec. 0.572 
EtOH 2 95-4 1.146 
n-PrOH 2 175-6 2.151 
n-BuOH 2 275.0 2.766 
n-AmOH 2 352-6 4-425 
MeAc 5 73.8 0.3720 
EtAc 5 90.0 0.4414 
n-PrAc 5 119 2 0.5723 
n-BuAc 5 165.0 0.7912 
n-AmAc 5 177.2 0.8440 
Acetone 5 58.0 0.3301 
Methylethyl ketone 5 72.0 0.4200 
Benzene 5 97.8 0.6421 
Toluene 4 71.5 0.5802 
Xylene 5 107.0 0.6881 
TaBie IT 
Adsorbent—-silicic acid. 
Liquids. Volume. Time. Vh/t. (Vh/t) x 
(n/d) =k. 
MeOH 2¢.c. 277.0 sec. 0.03248 © 02346 
EtOH 2 556.2 0 01617 0.02350 
n-PrOH 2 1029.0 0.008746 0.02342 
n-BuOH I 654-5 © 006874 ©.02351 
n-AmOH I 1031.5 0 004362 0 02348 
MeAc 4 171.4 0.1050 0.04214 
EtAc 4 2100 0.08572 0.04218 
n-PrAc 4 276.5 0.06512 0 04225 
n-BnAc 4 384.0 © 04688 © 04220 
n-AmAc 4 414.6 0.04342 9 04212 
Acetone is 215.0 0.10470 0.04378 
Methylethy! . 
ketone 5 267.8 0 08403 0.04383 
Benzene 5 195-6 0.1150 0.08400 
Toluene 5 178.6 0.1260 0.08410 
Xylene 5 213.8 0 1052 0.08404 
Adsorbent-kieselguhr. 
MeOH 2 230.0 0.03904 0.02814 
EtOH 2 463.0 0.01939 0.02815 
n-PrOH I 427.0 0.01054 0.02822 
n-BnOH I 547 8 0.008215 0 02810 
n-AmOH I 861.0 0.005226 0.02813 
MeAc 5 150.0 0.1500 0.06020 
EtAc 5 184.0 0.1223 0.06037 
n-PrAc 5 243.0 0.09260 0.06008 
n BuAc 5 336.6 0.06685 0.06017 
n-AmAc 5 362.2 0.06213 0.06026 
Acetone 5 170.4 0.1320 0.05522 
Methylethy! 
ketone 5 213.0 0.1056 0.05511 
Benzene 5 123.6 0.1820 0.1331 
Toluene 5 113.2 0.1987 0.1326 
Xylene 5 135-2 0.1664 0.1329 
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Height of the column=4.50 cm. 


Adsorbent = Ca(OH). 


Density. Vh/t. (Vh/t) x (n/d) 
=k, 
0.7920 0.18910 0 1366 
0 7890 0.09419 0.1368 
0.8031 0.05124 0.1377 
0.8085 0.03999 0.1368 
0.8220 0.02553 0.1374 
0.9268 © 3049 0.1224 
0.8962 vu 2500 0.1230 
0.€82 0.1888 0.1225 
0.879 0.1363 0.1227 
0.870 0.1270 0.1232 
0.7891 0.388 0.1623 
0.805 0.3125 0.1629 
0.878 0.2312 0.1690 
o 869 0.2518 0.1681 
0.8618 0.2113 0.1688 
Adsorbent-Fuller's earth. 
Volume. Time Vh/t. (Vh/t) x 
(n/d) =k. 
IC.C. 209.¢ sec. 0.02153 0.01555 
1 419.0 0.01074 0.01560 
I 770.5 © 005839 0.01564 
I 687.0 0.004559 0.01560 
I 1563.0 0.002879 0.0T§50 
4 163.6 0.1100 0.04416 
4 200 4 0.08684 © C4421 
4 265.0 0 06794 0.04408 
4 367.4 0.04899 0.04410 
4 395-6 0.04551 0.04414 
2 126.0 0.07142 0.02987 
2 157-5 0.05725 0.92980 
2 107 0 0.08410 0.06151 
2 97.8 0.09202 0.C6144 
2 117.0 0.07691 0.06342 
Adsorbent-sugar charcoal. 
I 43.0 0.1047 0.07 - 58 
I 86.4 0.05208 0.07564 
I 159.6 0.02819 0.75500 
I 203.0 0.02217 0.07582 
I 320.4 0.01405 0 07561 
4 820 0.2196 0.08810 
4 100.7 0.1787 0.08796 
4 132.6 0.1358 0.08808 
4 184.0 0.09783 0.c8806 
4 198.4 0.09074 0.08802 
4 49-5 © 3637 0.1522 
4 62.0 0.2903 0.1515 
4 100.5 0.1800 0.1316 
3 69.2 0.1951 0.1302 
4 109.7 0.1641 0.1310 


Viscosity (100) and density are the same as in Table I. 
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TABLE III 


Average ratios of Vhjt for Ca(OH), column to those of other coiumns for different 
families of solvent (member to member). 


Adsorbents compared. Alcohols. Esters. Ketones, ml 
1. Silicic acid 5-835 :1 2.912 :1 3-693 :1 2.004 :1 
2. Fuller's earth 8.793 :1 2.7741 §-417 :1 2.743 :1 
3. Kieselguhr 4.863 :1 2.039 :1 2.934 :1 1.25931 
4. Sugar charcoal 1.81171 1.394:1 1.065 :1 1.28631 


DISCUSSION 


From the foregoing tables it is evident that every family of compounds under investi- 
gation, when allowed to flow through the column of a particular adsorbent of a fixed 
height and suitable packing, exhibits an interesting behaviour. The volume in c.c. 
which passes through 1 cm. of the column of a particular adsorbent per unit time (Vh/t) 
varies in such a way that the value of (Vh/t) x‘n/d) gives a constant value charac- 
teristic of the nature of the surface-active substance through which the liquids have been 
made to flow at a constant pressure and at room temperature. The respective constant 
values of (Vh/t) x (n/d) for different families confirm the conclusions arrived at in the 
previous communication (loc. cit.) using alumina and CaCO, as adsorbents. 


It is further interesting to note ‘vide Table IV) that the values of Vh/t obtained 
by passing the different members of the same family through one adsorbent bear a 
constant ratio to the corresponding values for the same members passed through the 
other adsorbents. For example, Vh/t for CH,OH passed through Ca(OH), column: 
Vh/t of CH,OH passed through silicic acid=5.822:1, which remains practically the 
same for other alcohols also. This constancy of the ratio Vh/t for different adsorbents 
for the same family of liquids appears to be very significant in emphasising that the 
flow of the liquids through the adsorbent columns is fundamentally governed by its 
structure and the surface-active properties of the adsorbent, assuming that the conditions 
arising out of the packing effects remain the same for different columns, which, of 
course, has not been possible to verify by any technique of chromatography. 


The above conclusion is further supported by the fact that the value of Vh/t for 
all liquids is independent of their viscosity. Most interesting illustration of this 
behaviour is found in the case of methyl alcohol and normal propyl acetate whose 
viscosities are practically equal, but their values of Vh/t are quite different for all 
adsorbents, excepting the case of Ca(OH), column where the difference is very small. 
In the case of xylene and n-butyl alcohol, the viscosities are in the ratio of 1:4, but it 
will be seen from the table given below that the ratios of Vh/t for different adsorbents 
vary independently, having a wide range. 
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Solvent. 


MeOH 
n-PrAc 


n-BuOH 


Xylene 


Other liquids also show the same behaviour (vide Tables I-III). 


100 X 9. 


0.572 


0.5723 


Ratio : 


2.766 


0.6881 


Ratio : 
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Ca(OH), 
Vh/t. 


0.1891 
0.1828 
1 :998 

0.03999 
0.2113 


135.783 


TABLE V 


Adsorbents 
Fuller's earth Kieselguhr 


Silicic acid 
Vhyt. 


0.03248 
0.06562 
132.02 
0.006874 
0.1052 


1315.3 


Vh/t. 
0.02153 
0.06794 
1 33.43 
0.004559 
0.07691 


1:16.87 


K. BHATTACHARYA 


Vh/t. 
0.03904 
0.09260 
1 :2.372 
0.008 215 
0.1664 


I :20.25 





Sugar charcea! 
Vh/t. 


0.1047 
0.1358 
I 11.2096 
0.02217 
0.7641 


I 37-399 


Further work is in progress to determine the usefulness of the constant (Vh/t) x 
(n/d) in standardising chromatographic solvents in relation to various adsorbents. 


CHEMICAL LABORATORIES, 
AGRA COLLEGE, 


AGRA. 


Received January 9, 1954. 
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HEAT OF WETTING OF CHARCOAL BY WATER 


BALWANT Rat Puri, PRABHAT CHANDER GupTA AND M. L. LAKHANPAL 


Integral and differential -heats of wetting of five different varieties of charcoal were determined 
calorimetrically. The heat of wetting by a monolayer of water derived from liquid water was found to 
be a little more than twice the heat of fusion of ice in the case of every samp!e. Heat was evolved in 
a much smaller quantity as water above that required for a monolayer was added and was almost 
negligible when the adsorbent had been equilibrated with 0.70 relative vapour pressure of water. 

Heat of wetting was found to be closely connected with the vapour pressure —moisture content rela- 
tionship of the adsorbent. 


When a solid is brought in contact with a liquid, there is generally a rise in tempera- 
ture. This thermal effect, known as heat of wetting, depends for its magnitude on the 
surface area of the solid and its wettability by the liquid (Miller, Heinemann and 
McCarter, Ind. Eng. Chem., 1950, 42,151). The heat of wetting is considered some- 
times to be a measure of the capacity of the solid to adsorb the liquid from the vapour 
phase (Lamb and Coolidge, J. Amer. Chem. Soc., 1920, 42, 1147 ; Wahba, J. Phys. 
Coll. Chem., 1948, 82, 1197 ; Ewing and Baver, J. Amer. Chem. Soc., 1937, 59, 1548 ; 
Beebe and Kington, ibid., 1950, 72, 40 ; Howard and Culbertson, ibid., 1950, 72, 1185 ; 
Pierce and Smith, J. Phys. Coll. Chem., 1950, 54, 354, 795 ; Stowe, ibid., 1952, 56, 484). 

It is rather difficult to make direct calorimetric measurements of the heat produced 
by the adsorption of a given amount of a liquid by a solid. The problem can be simpli- 
fied by determining first the heat of wetting of the dry solid (intergal heat of wetting) 
and then after allowing it to pick up a known amount of the liquid. The difference in 
the two values (differentia! heat of wetting) may be taken as due to the thermal effect 
developed during adsorption of the initial amount of the liquid. The present paper 
describes measurements of integral and differential heats of wetting of a few samples of 
charcoal by water. 


ExPERIMENTAL 


Five samples of charcoal, obtained by carbonisation of canesugar, coconut shell, 
pine wood, acacia wood and cotton stalk, were used in these investigations. About 4 g. 
portions of the oven-dried (110°) samples were spread at the bottom of squat weighing 
bottles, 2” in diameter and 1}” in height. The bottles, with their lids removed, were 
placed in desiccators containing sulphuric acid-water mixtures corresponding to different 
relative humidities. The increase in weight (with the iids on) was determined after 
about a week and then daily till it became constant. After every weighing the bottles 
were gently shaken by hand in order to allow the adsorbed water to become evenly 
distributed. Heat of wetting of these samples was then determined by following the 
calorimetric technique described by Gregg (‘“Ihe Surface Chemistry of Solids’, 1951, 
p. 241 ; Chapman and Hall). A Beckmann thermometer was used to measure the rise of 
temperature. 
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DIscUSSION 


The heats of wetting of the oven-dried as well as the moist samples, expressed as 
cal./too g. dry charcoal, are recorded in Table I. The thermal effect is seen to fall 
off appreciably even when a sinall amount of moisture is initially present in any of the 
adsorbents, When the various adsorbents had been equilibrated with 0.70 or higher 
relative vapour pressures of water, their subsequent immersion in water produced little 
or no thermal effect. 

Surface areas of the various samples were calculated from the adsorption isotherms 
of water by the method suggested by Harvey (J. Amer. Chem. Soc., 1943, 68, 2343). 
The values are shown in Table If. Assuming that a molecule of water covers 104’, 
the amount cf water required to form a monolayer can be easily calculated. ‘The heat 
of wetting of each sample already containing enough water to constitute a monolayer 
was read from its moisture content—heat of wetting graph (obtained by plotting the 
values recorded in Table I) and subtracting this from the heat of wetting of the fresh 
sample, the heat of adsorption of a monolayer of water (from liquid water) was calculat- 
ed, as shown in Table II. Dividing this by the amount of water in the monolayer, 
the amount of heat per g. of water adsorbed in the monolayer can be obtained. The 
results (Table II) show that when a monolayer of water is added, the heat evolved per 
g. of water is about the same in all the samples of charcoal examined and that this 
value is a little more than twice the heat of fusion of ice. The results are not only in 
gol agreement with one another but also with those obtained by Stowe (loc. cit.) in 
the case of two different samples of alumina studied by him. This appears to be quite 
significant in view of the fact that alumina and charcoal differ from one another in so 
many respects. 

The heat of wetting per sq. m. of surface in the formation of the monolayer is also 
seen to be about the same in each sample and to be in good agreement with the value 
obtained by Stowe in the case of alumina (loc. cit.). 

It is evident that heat continues to be evolved, though in a much smaller quantity, 
as water above that required for a monolayer is added. 

Differential Heats of Wetting.—From the data shown in Table I, it is possible to- 
calculate differential heats of wetting per g. of water adsorbed between different humi 
dity intervals. It may be noted, for example, that dry sugar charcoal shows heat of 
wetting by water 1407.6 cal./100g. of the substance. When equilibrated with 5% 
relative humidity it picked up 2.9t g. of moisture per 100 g. The heat of wetting of this 
product amounted to 568.2 cal./10o g. of the original substance. The heat given off 
when 2.91 g. of water was adsorbed in the first place was therefore equal to 1407.6- 
565.2 or 839.4 val./1oo g. of the original adsorbent. This amounts to 288.5 cal./1o0vo g. 
of water adsorbed. Similar values for different humidity intervals were calculated in 
the case of the various other samples. The results are shown in Table III. It is seen 
that the differential heat of wetting per g. of water decreases as the humidity increases. 

It is interesting to note that the thermal effect per g. of water during a given humi- 
dity interval] is of the same order in every sample. It appears therefore that heat of 


3—18s51P—6. 
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wetting of a substance by water is fairly intimately connected with its moisture content — 
vapour pressure relationship. This was verified in another way. Moisture content — 
vapour pressure relationship of several samples of activated charcoal, available in the 
laboratory, was determined. From the smooth graphs obtained the amounts of mois- 
ture adsorbed during different humidity intervals were interpolated. Multiplying 
these with the corresponding average thermal values (Table IJI, last column) and 
adding up the products, the integral heats of wetting of the samples were obtained. 


TABLE IIT 
Differential heats of wetting of charcoal in cal./g. of water adsorbed. 
Average 
Humidity Sugar Coconut Pine Acacia Cotton therma! 
interval. charcoal. shell wood. wood. stalk. values. 
0-5% 288.5 255.6 261.3 267.6 288.3 272.3 
5-10 129.2 130.1 125.1 122.4 126.4 126.6 
10-20 97-3 72.3 81.5 73.6 86.8 78.3 
20-30 59.5 52.9 67.3 60.0 56.4 59.2 
30-40 38.5 39-3 3365 32.6 29.84 34-7 
40-50 21.4 17.0 153 14.5 12.0 16.2 
50-60 15.1 8.0 12.2 12.3 8.9 11.3 
60-70 10.3 5.2 10.3 6.1 7.6 7:9 
79-05 ° Oo oO (9) fe) 0 
TABLE IV 
Integral heat of wetting by water of different samples of charcoal. 
Charcoal No. Heat of wetting ‘cal./100 g.). Charcoal No. Heat of wetting (cal./g.). 
Obs. Cale. Obs. Calc. 
I 1654 1592 7 1626 1664 
2 1418 1388 8 1218 1176 
3 1591 1537 9 1462 1529 
4 2163 2312 10 1118 1272 
5 1962 2045 II 1781 1814 
6 1581 1620 12 1005 987 


These were compared with the values determined experimentally by working with 
the oven-dried materials. The results obtained in the case of a dozen samples of 
charcoal are shown in Table IV. The agreement between the determined and the 
calculated values is as close as could be expected. ‘This confirms the view, mentioned 
above, that heat of wetting of a substance by water is a function of its vapour pressure- 
moisture content relationship. Obviously this value cannot be obtained from any 
single point on the graph nor necessarily from the capacity of the substance to adsorb 
the liquid from the saturated vapours as suggested by Wahba (loc. cit.). 
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MANNICH BASES. PART II 
By TI. N. GHOSH AND SAKTIPADA Dutra 


1 :4-Dihydroxy-3-acetylisoquinoliue undergoes Mannich reaction to yield a base, possibly represen- 
ted by (I). In course of attempts to obtain a direct proof of the structure (I), the chalkone from phth- 
alimidoacetone has been rearranged to the isocarbostyril (VIII), also obtained by condensing 1 :4-di- 
hydroxy-3-acetylisoquinoline with benzaldehyde in presence of alkali. 


The significance of isoquinoline moiety in compounds towards the prepartion of 
possible antispasmodics has been discussed in Part I of this series (this Journal, 1953, 
30, 863). 1:4-Dihydroxyisoquinoline (Gabriel and Colman, Ber., r900, 33, 980) could 
not be induced to undergo the Mannich reaction with diethylamine or piperidine and 
formaldehyde. In each case a deep red substance, devoid of basic property but 
soluble in alkali or ammonium hydroxide to give a greenish solution which changed 
to light red on acidification, was isolated. This, however, could not be purified and 
characterised. 1:4-Dihydroxy-3-acetylisoquinoline ‘Gabrie! and Colman, Ber., rgoo, 
33, 2631) has now been subjected to the Mannich reaction with piperidine and parafor- 
maldehyde to furnish a mixture of (I), (If) and (III). These have been separated by 
taking advantage of the observation that the base (I), besides being soluble in cold dilute 
hydrochloric acid and insoluble in alkali, dissolves readily in ethanol. (II) and (III), 
both of which are insoluble in ethanol and in dilute hydrochloric acid, could be easily 
separated by treatment with alkali which dissolves (II), leaving (III) as an insoluble, 
red coloured substance, identified to be Gabriel and Colman’s “Carbindigo’’. 

That the Mannich reaction has possibly taken place at the position-3 of the iso- 
quinoline ring and not with the CH; of the acety! group, to furnish (I) is borne out by 
the observations : (a) The compound (I) gives a positive iodoform reaction (Fuson and 
Tullock, J. Amer. Chem. Soc, 1934, 56, 1638; Adachi, J. Chem. Soc., Japan, Pure 
Chem. Sec., 1950, 71, 566); (b) 1:4-dihydroxy-3-carboethoxyisoquinoline (Gabriel and 
Colman, loc. cit.) readily undergoes the Mannich reaction with piperidine and parafor- 
maldehyde to yield, in an analogous manner, a mixture of the base (IV) and a compound 
found to be identical with (11). In this reaction, the formation of carbindigo could not, 
however, be detecied. 

Gabriel and Colman (loc. cit.) obtained carbindigo by heating, in presence of air, 
1:4-dihydroxyisoquinoline with alkali. The formation of carbindigo in the Mannich 
reaction of 2:4-dihydroxy-3-acetylisoquinoline evidently points to the splitting of the 
acetyl group under base-catalysed condition employed in the present case. Similar 
splitting, therefore, under base-catalysed condition of the acetyl or the carbethoxy group 
from the respective methylene-bis compound to give ultimately the same bis compound 
(II) can be accounted for. That the splitting of the acetyl or the carbethoxy group 
has probably taken place after the formation of the methylene-bis compound is evidenced 
by the observation, recorded earlier, on™ the behaviour of 1:4-dihydroxyisoquinoline 
towards formaldehyde and piperidine. 
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With regard to the formation of the methylene-bis compound (II) reference is 
made to the observation of Dalgliesh (J. Amer. Chem. Soc., 1940, 71, 1697) who has 
found that although the Mannich reaction with lawsone (2-hydroxy-r1 : 4-naphtho- 
quinone) proceeds smoothly using formaldehyde and a primary aliphatic amine or certain 
secondary amines, the use of diethylamine or dibutylamine gives only the amiue salts 
of methylene-bis-lawsone (3:3’-methylene-bis-2-hydroxy-1:4-naphthoquinone). ‘These 
salts give readily the corrresponding methylene-bis compound on treatment with hydro- 
chloric acid. Reference is also made to the Mannich reaction of 4-hydroxycoumarin 
(Robertson and Link, J. Amer. Chem. Soc., 1053, 75, 1883). Although the reaction 
took place with dimethylamine or piperidine to give the corresponding 3-aminomethyl 
derivative, diethylamine or dibenzylamine gave the amine salt of 3 :3’-methylene-bis- 


4-hydroxycoumarin. 


CH,R ° co 
CO : CO NS 
aN / Nc ¢ O\/-"\cn-cH,—CH 
| ! H COMe | | | | 
N . /NH NH 
WXc0/ wi N/M 
(1) (IT) 
. na CH.R 
| | : 
| aie: ae -+, CO.Et 
NH NH NH dai 
(IIT) (IV) 


[R=piperidino] 

In order to obtain a direct proof of the structure of (I), phthalimidoacetone has 
now been condensed with benzaldehyde in presence of alkali to give the chalkone (V), 
which is also obtained by hydrolysing phthalimidoacetone with alkali and condensing 
the acid (VI), so obtained, with benzaldehyde in presence of alkali. ‘V) is readily 
converted into the corresponding phthalimido derivative (VII), which has been easily 
rearranged with sodium methoxide to the isocarbostyril (VIII) ‘cf. Gabriel and Colman, 
Ber., 1900, 88, 980, 26303 1902, 35, 2421; Kolshorn, Ber., 1904, 37, 2474). The re- 
arrangement evidently shows that in the above condensation of benzaldehyde with 
phthalimidoacetone, the methyl group has taken part keeping the methylene group intact 
(cf. Hauser and Kantor, J. Amer. Chem. Soc., 1951, 78, 1437, tor mechanism of the 
rearrangement). The isocarbostyril (VIII) has also been obtained by condensing 
1:4-dihydroxy-3-acetylisoquinoline with benzaldehyde in presence of alkali. It was 
expected that (VIII) would undergo the Mannich reaction, obviously at the 3-position 
of the isoquinoline ring and that the Mannich base, so formed, could be hydrolysed 
with hydrochloric acid ‘cf. Ciaisen and Claparede, Ber., 1881, 14, 2463) to furnish (I). 
However, (VIII) could not be induced to undergo the Mannich reaction with piperidine 
and paraformaldehyde. Although some sort of reaction took place, the course of which 
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could not be ascertained, no basic compound cou!d be isolated from the reaction mixture. 


4\__0O 4~ __©O—NH—CH,—CO—CH = CHPh 
| )N—CH,—CO—CH, _ | | 


— — ——> 
WW co VY CO,H 
(V) 
4\_ co co 
| | ‘N—CH,—CO—CH=CHPh — 4/--\cH—co—CH=CHPh 
— CO | | i 
Waa 
(VID) (VIII) 
2 5a CH,—CO—CH, 
y/ C00 
(VI) 


Ex PERIMENTAL 


Reaction of 1:4-Dihydroxy-3-acetylisoquinoline with Piperidine and Paraformai- 
dehyde: Formation of 3-Piperidinomethyl-3-acetyl-1 : 4-diketotetrahydroisoquinoline 
(I), 3:3'-Methylene-bis-1:4-diketotetrahydroisoquinoline (II) and Carbindigo (III).— 
A mixture of 1:4 dihydroxy-3-acetylisoquinoline (20 g.), piperidine {12.5 g.), parafor- 
maidehyde (3.7 g.) and anhydrous ethanol (250 c.c.) was refluxed on the water-bath 
when gradually the colour changed from yellowish to violet. After heating for 6 hours, 
further quantity of paraformaldehyde (0.8 g.) was added and heating continued for 3 
hours more. The mixture was cooled and the reddish solid filtered and thoroughly 
washed with ethanol. The washings and the filtrate were combined (A). 


The reddish solid (8 g j was triturated with cold, dilute alkali solution, when a por- 
tion went into solution. The solution was filtered and the deep red residue washed 
with water, dried and crystallised from nitrobenzene in red needles (1.5 g.) which 
remained unmelted up to 360°. It was identified to be Gabriel and Colman’s carbin- 
digo (III). The filtrate, on acidification with dilute hydrochloric acid, yielded a brown 
solid (II), It was practically insoluble in dilute hydrochloric acid but soluble in concen- 
trated hydrochloric acid, being precipitated unchanged on dilution with water. As 
this compound was insoluble in common organic solvents, it was purified by alkali-acid 
treatment, washing with solvents and finally obtained as a brown powder (4 g.), m.p. 
318-20° (decomp.). ‘Found :C, 68.72; H, 4.37; N, 8.72. C.sH.sO,N, requires C, 68.26; 
H, 4.19; N, 8.38 per cent). 

The above solution (A) after removal of most of the ethanol was diluted with water 
when a brown solid was obtained, which furnished on crystallisation from aqueous 
ethanol (charcoal) a brownish microcrystalline powder (I; 85 g.), m.p. 188-90°. It is 
readily soluble in cold dilute hydrochloric acid, in ethanol and acetic acid. It gave 4 
positive iodoform reaction from methanolic solution. It was dried in vacuo at 100°-105°, 
(Found : C, 68.54; H, 7.12; N, 8.97. CisH2.O3;N, requires C, 68.0; H, 6.66; N, 9.33 
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per cent). The semicarbazone was crystallised from ethanol in cream coloured rectan- 
gular plates, m.p. 235-36°. (Found: N, 19.42. C,sH.:0,N; requires N, 19.61 per cent). 
The picrate was obtained from ethanol as a microcrystalline powder, m.p. 169-70°. 


Reaction of 1 : 4-Dihydroxy-3-carboethoxyisoquinoline with Piperidine and Para- 
formaldehyde: Formation of 3-Piperidinomethyl-3-carbethoxy-1 : 4-diketotetrahydro- 
isoquinoline (IV) and 3:3'-Methylene-bis-1 : 4-diketotetrahydroisoquinoline (II).—The 
method of procedure was the same as before and the reaction was carried ont in ethanolic 
solution. The reaction mixture was covled and the insoluble solid filtered and 
thoroughly washed with ethanol. The filtrate and the washings were combined. The 
solid, being insoluble in common organic solvents, was purified by solution in alkali, 
precipitation with cold dilute hydrochloric acid and washing with solvents, when it 
was obtained as a brown powder, m.p. 318-20° (decomp.). Its identity with the com- 
pound (II), described above, was proved by mixed m.p. and also by analysis. 


After removal of ethanol from the above filtrate, a pasty solid was obtained which 
on trituration with ether, furnished a small quantity of a colorless solid, crystallising 
from ethanol in colorless needles (m.p. 193-94°}. It was proved to be unchanged 1 : 4- 
dihydroxy-3-carbethoxyisoquinoline by a mixed m.p. with an authentic sample. The 
ethereal solution yieided on removal of ether a dark coloured liquid (IV). It was readily 
soluble in cold dilute HCl with a reddish colour, and the solution on dilution with 
water became deep blue. As distillation of this liquid was not possible due to its ten- 
dency towards decomposition on heating, it was somewhat purified by HCl-NH,OH 
treatment. The picrate was obtained from ethanolic solution in yellow rectangular 
plates, m.p. 161-62°. (Found: N, 12.25. C,sH2.0,N,, C,H,O;N; requires N, 12.52 
per cent), 


o-Carboxy-N-benzylidene-acetonyibenzamide (V).—Phthalimidoacetone (9g g.) was 
treated with an ice-cooled solution of caustic soda ‘2.4 g.) in aqueous ethanol (24 c.c. 
water and 12 c.c. of 95% ethanol) and to this mixture benzaldehyde (4.4 c.c.) was slowly 
added dropwise under stirring during 15 minutes. After the addition was over, stirring 
was continued for 14 hours and the mixture allowed to stand overnight in the refrigera- 
tor. Next day the clear solution obtained was acidified, under cooling, with dilute 
HCl when a yellow solid was obtained. It was purified by solution in aqueous NaHCO, 
solution and acidification with dilute HCI and finally crystallised from aqueous ethanol 
as a fine yellow microcrystalline powder (8 g.), m.p. 162-64°. (Found: N, 4.41. CysH,;0,N 
requires N, 4.53 per cent). 


o-Carboxy-N-acetonylbenzamide (VI).—Phthalimidoacetone (9 g.) was treated with 
a solution of caustic soda (1.6 g.) in aqueous ethanol (16 c.c. of water and 8 c.c. of 
95% ethanol) and the mixture warmed on the water-bath for about 15 minutes, when 
a clear solution was obtained, which was cooled and acidified with dilute HCl. The 
precipitated semi-solid mass was purified by solution in aqueous NaHCO, and acidifica- 
tion with dilute HCl and was finally crystallised from aqueous ethanol in pinkish rectan- 
gular plates, yield 7.5g. (Found: N, 6.12; chem. equiv.,. 216. C,,;,H,,O,N requires 
N, 6.33 per cent. Chem. equiv., 221). 
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The condensation of (VI) with benzaldehyde in presence of alkali was carried out 
as described above and the resulting compound (m_p. 162-64° after crystallisation from 
aqueous ethanol) was proved to be identical with (V) by mixed m.p. 

w-Phthalimidobenzylidene-acetone (VI1).—-A mixture of the compound (V, 8 g.) 
and anhydrous methanol ‘40 c.c.) was refluxed on the water-bath for about 10 hours. 
The clear solution was cooled and diluted with water, when a yellow solid was obtained. 
It was washed with cold aqueous NaHCQ, solution and then with water and was _ crystal- 
lised from methanol in yellow rectangular plates, m.p. 164°. (Found: N, 4.52. CisH,;0,N 
requires N, 4.81 per cent). Unlike (V), this compound is insoluble in aqueous sodium 
bicarbonate solution. 

1 : 4-Diketo-3-cinnamoyl-tetrahydroisoquinoline (VIII).—A solution of the compound 
(VII, 8 g.) in anhydrous methanol (60 c.c.) was treated with sodium methoxide (0.5 g. 
of sodium and 10 c.c. anhydrous methanol) and the solution refluxed on the water-bath 
for about 6 hours, when graduaily a red crystalline solid separated. Afier distilling 
off 50% of the methanol, the mixture was cooled and diluted with water when a small 
quantity of a slimy precipitate was obtained, which was filtered. The filtrate was acidi- 
fied under cooling with glacial acetic acid when an orange solid (6 g.) was obtained. 
It was twice crystallised from glacial acetic acid in fine, orange needles, m.p. 244-46°. 
(Found: C, 74.823 H, 4.28; N, 4.62. C,sH,,;0;N requires C, 74.23; H, 4.46; N, 4.81 
per cent). 

The compound (VIII) was also prepared as follows: 1 : 4-Dihydroxy-3-acetyliso- 
qu‘noline (9 g.) was treated with an ice-cooled solution of caustic soda (2.4 g.) in aqueous 
ethanol (24 c.c. of water and 12 c.c. of 95% ethanol), when gradually the sodium deriva- 
tive separated and went into solution on stirring. To this solution, cooled in ice, 
benzaldehyde (2.2 c.c.) was added dropwise under stirring which was continued for 
about r$hours, and the mixture kept in the refrigerator overnight. Next day the orange 
coloured solution was acidified with glacial acetic acid and the solid obtained was cryst- 
aliised from glacial acetic acid in fine, orange needles (7.5 g.), m.p. 244-46°. Its 
identity with the compound (VIII), described above, was proved by mixed m.p. 

Sincere thanks of the authors are due to Dr. U. P. Basu, for his kind interest in 
this investigation. 


BENGAL IMMUNITY RESEARCH INSTITUTE, 
CaLcutta-16. Received February 6, 1954. 
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VARIATION OF VAPOUR PRESSURE WITH TEMPERATURE 


By SHASHANKA SHEKHAR MItRA 
The variation of vapour pressure of liquids with temperature has been studied and a formula, 


K’ T. 
1 ss § ree. Sewer ot Be 
og pr og Pr, + (log T) I T 


expressing the variation has been proposed. 


The variation of vapour pressure of liquids with temperature may be very roughly 
represented by a formula (Werde, Ann. Physik, 1841, 58, 225; Glasstone, ‘‘Physical 
Chemistry’, 1947, p. 453, D. Van Nostrand) of the type 
B 

~— — gud aes 


T = A + — 
log p T 


i.e. of the type 
log fr = log pr, + C }:- a aie soni 
The formula (1) has been modified by Kirchoff ‘Ann, Physik, 1858, 104, 612), 
Rankine (Edin. N. Phil. ]., 1849, 417, 28; Phii. Mag., 1£51, 2, 509) and Dupré (Aun. 
chim., 1864, 2, 185) to 


log be = A -8 -Clog T se is 


A, B, C being some other constants. This formula explains the variation well for many 
liquids. Young (‘A Course of Lectures on Natural Philosophy’’, 1807, II, 398, 400 ; 


1845, I, 272) has given 
b = (a + bt)™ 


tin °C and a, b, m being constants. 
De Heen (Bull. Acad. Roy. Belg., 1882, 4,528) proposed 
pb = HT™/[1 + B/(T + C)]". 
There are other formulae due to Bertrand, Antoine, Biot and others ‘cf. Parting- 


ton, ‘Treatise on Physical Chemistry’’, Vol. Il, 1951, pp. 247-274). 
For some liquids (specially associated) the relation (1) has to be supplemented with 
a number of power terms in T, involving about two tothree constants more, modifying 


it to 


log pr =4 + B+ CT + DT? + ET”. 


But the formula, 


K T l | 
be = “i a a ae A oe 
log p log pr, + (log?) |" - 3) 
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now proposed, does not make use of any further constant. JT, is no longer invariant. 
In some cases it may be put equal to the melting point of the liquid considered. 
Kquation (3) fits well over a range of about 120° for water. ‘To extend the range and 
to improve the agreement further, inclusion of only one constant is sufficient. The 


formula is given by 


K! T, ( 
1 y= - Ft o—4{I- — aid ans 
og p log p fos I- > ( (4) 


In Table II- vapour pressures (mm.} computed from equations (3) and (4) along with 
the observed data ‘Int. Crit. Tables, 1928, Vol. III) for water are recorded. Since the 
present formula (4) is a three-constaut formula like the Kirchoff equation (2), it is 
interesting to compare them here. For water, equation (2) 1s applicable only in small 
ranges. The values of the constants of equation (2) for water as quoted by 
Partington ‘loc. cit.) do not give a satisfactory agreement with the experimental values 
in the region < 100°. The calculated values of p from equation (2), with a fresh deter- 
mination of the constants are recorded in the fifth column of the table. The constants 
A, B, C of the Kirchoff equation are 21.9273, 2871 and 4.414 respectively for water. 
Table I records the values of the constants occurring in equations (3) and (4) for some 


liquids. 

TABLE I 
Liquids. K. _ n. To (°K) 
Water 21.25 17.08 0.7656 273" 
CHC, 15.4] 17.58 1.148 273 
CCh ee 23-70 1.524 293 
CS, _ Se 8.349 0.4737 273 
Formic acid 7.309 0.1028 283 
Ammonia 11.75 0.6615 195.3* 
o-Toluidine on 51.53 1.888 313 
EtOH von 45.81 2.045 313 
Chlorine es 10.74 0.5392 103* 
Bromine 15.63 16.96 1.090 265.7* 

* Melting point 
TaBie II 
(Water) 
T (°R). Pp (mm.) p (mm.) calculated from equation 
(obs.). (4) Author. (3) Author. (2) Kirchoff. 

263 2.149 2.142 2.124 2.174 
273 4-579 4-579 4-579 - 4-542 
283 9.209 9.210 9.260 9.274 
293 17-54 17-59 17-75 17-79 
303 31.82 31.80 32 12 31-79 
313 55-32 55-31 55-56 54-24 
323 92.51 92.85 93-53 QI 05 
333 149.38 149.9 150.6 146.3 
343 233.7 234.8 234.8 233.0 
353 355-1 357-2 355-5 351 0 
393 525.8 529-4 523-5 522.8 
373 760.0 763.5 753-1 750.8 
ae, 1074.5 1078 0 1054.0 1075.0 
473 1647.0 11530.0 10440.0 11470.0 


4—1851P—6. 
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The difference between the observed and calculated values of p in the case of equa- 
tion {4) in most cases is less than 0.5%. 

Since the formula is not very sensitive to n, by properly changing K’, n may be 
brought to a constant value for many of the liquids, but at the cost of agreement between 
the experimental and calculated values of p. 

The author acknowledges his grateful! thanks to Dr. K. Majumdar for his guidance 
and to Sri Y.P. Varshni and Sri K. C. Banerji for their interest in the investigation. 


PHysICcsS DgPARTMENT, 
UNIVERSITY OF ALLAHABAD. 


Received December 12, 1953 
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CARBANION FORMATION IN UNSYMMETRICAL KETONES OF THE 
TYPE R—CH,—CO—CH; 


By M. M. BoKADIA AND YUDHISHTHIRA SINGH 


Hydroxymethylene-methyl-(n-bytyl, n-hexyl and n-heptyl) ketones have been synthesised and 
their structures established by Bokadia and Deshapande's oxidative fission method. From these struc- 
tures the position of carbanion formation in these ketones has been inferred. 


The aldol reaction of a ketone with an aldehyde in presence of a base proceeds 
through the formation of carbanion (II) or (III) 


ut R—CH—CO—CH, 


R—CH,—CO—CH; re. (IT) 
(III) 


and from the aldol product obtained, the position of the carbanion is inferred. The 
reaction has given very conflicting results regarding the location of carbanion formation 
in unsymmetrical ketones (I) (cf. Powell, Murray and Baldwin, J. Amer. Chem. Soc., 
1933, 85, 1153; Gettler and Hummet, ibid., 1943, 65, 1524; Powell and Hygemann, 
ibid., 1944, 86, 372 ; Decomb, Compt. rend., 1936, 208, 1078 ; Wickerl and Freure: 
U.S.P. 2088018/ 1937). 

In the present investigation the carbanion formation has been studied through the 
formylation (a particular case of acylation). Formylation of ketone proceeds through 
the intermediate formation of a carbanion. It may be represented as 


~ 


RCH,COCH,CHO * > RCH,COCH=C 
(IV) (V) OH 
(I} +HCO,Kt 
RCH.CU.CH; <~ R—C—COCH, 
Tl 
CHO CH OH 
(VI) (VII) 


Thus, by the action of ethyl formate on the unsymmetrical ketones (I) two isomeric 
iormyl derivatives (IV and VI) should theoretically be formed. But generally only one 
form is obtained, structure of which could be arrived at by Bokadia and Deshapande’s 
oxidative fission method (this Journal, 1953, 30, 383). The structure of the formyl 
ketone would indicate which carbanion (II or III) is formed. 

Diel and Ilberg (Ber., 1916, 49, 158), Joshi, Kaushal and Deshapande (this Journal, 
1940, 9, 479) and Bokadia and Deshapande (loc. cit.) have shown that formylation 
of methylethyl ketone (I, R = Me) takes place at methylene group, while in the 
case of methyl-n-propyl ketone (I, R=Et) Benary, H. Meyer and Charisius (Ber,, 1926, 
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59, 108, 600), Claisen and Stylos (Ber., 1888, 21, 1144) and Bokadia and Deshapande 
(loc.cit.) have shown it to take place at the methyl group. Im case of methyl-n-amyl 
ketone (I, R = Bu) formylation takes place at the methyl group (Bokadia and Desha- 
pande, loc. cit.). 

Methyl-n-butyl ketone (cf. Vogel, “‘Practical Organic Chemistry’, Longmans Green 
and Co., London, 1948, p. 465) on formylation gave an oily liquid which formed bluish 
green chelate copper compound, a semicarbazone and also formed n-valeric acid on 
oxidation. So its structure according to Bokadia and Deshapande’s oxidative fission 
method (loc. cit.) is (V, R=Pr). 

Methyl-n-hexyl ketone (Vogel, op. cit., p. 334) was obtained by the oxidation 
of sec.-octyl alcohol. Its formyl derivative was obtained as an oily liquid. It formed 
copper chelate compound and a semicarbazone. n-Heptylic acid was the sole product 
of its oxidation with Kiliani’s dichromate mixture (Ber., 1901, 34, 3564). Here in this 
case also formylation takes place at the methyl group. 

Methyl-n-heptyl ketone (J. Soc. Chem. Ind., 1925, 44, 1087) on formylation gave 
an oily liquid. It formed bluish green copper chelate compound, a semicarbazone and 
on oxidation gave caprylic acid. Hence its structure is (V, R = C,H,;). 


Thus, with the exception of methylethyl ketone, in all methyl-n-alkyl ketones up to 
n-heptyl, carbanion formation in acylation takes place at the methyl group. 


ExPERIMENTAL 


Formylation of Methyl-n-butyl Ketone.—A mixture of methyl-n-butyl ketone (b.p. 
127°, 15g.) (obtained by the ketonic hydrolysis of n-propylethyl acetoacetate) and 
ethyl formate (15 c.c.) was gradually added in small instalments with constaut shaking 
to a well cooled suspension of sodium dust (4.2 g.) in dry ether. The contents were 
kept overnight at o° and then at room temperature for 24 hours. The sodium com- 
pound of 2-formylmethyl-n-butyl ketone formed was filtered at the pump, washed with 
dry ether and decomposed with dilute sulphuric acid. The product was extracted with 
ether and after drying over anhydrous sodium sulphate, the solvent was removed. The 
liquid distilled at 99°/35 mm., yield 5.2 g. (Found: C, 65.5 ; H, 9.4. CyH,,0, requires 
C, 65.6 ; H, 9.4 per cent). 

The hydroxymethylene ketone is a colorless mobile liquid which gives a violet colour 
with ferric chloride solution. On adding a few drops of it to a cold concentrated solu- 
tion of copper acetate and shaking, its chelate copper compound separated as a bluish 
green mass. It was purified by dissolving in minimum amount of chloroform and 
reprecipitating it by adding petroleum ether, m.p. 120°. (Found: Cu, 19.7. C,,H220,Cu 
requires Cu, 20.0 per cent). : 

It forms a semicarbazone which after crystallisation from dilute alcohol melts at 


246°. 

Oxidation of 2-Formylmethyl-n-butyl Ketone by Kiliani’s Dichromate Mixture.— 
The formyl ketone (2.56 g.) was gradually added toa mixture of K,Cr,07 (11.0 g.), 
H,SO, (conc., 8 c.c.) and water (50 c.c.) and was allowed to stand for 24 hours with 
occasional shaking. The contents were repeatedly extracted with a large volume of 
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ether. To remove the neutral products the ethereal extract was treated with cold 
caustic soda and the acidified extract was again repeatedly extracted with large volumes 
of ether. After drying over anhydrous sodium sulphate the solvent was removed and the 
acid was distilled. The main fraction distilled at 185°, yield 1 g. [Found: Equiv. wt., 
100.9; anilide m.p. 58°. mn-Valeric acid (Cs;H,.O,) : equiv. wt., 102.1; b.p. 187°; anilide 
m.p. 60°]. 

Formylation of Methyl-n-hexyl Ketone.—Methyl-n-hexyl ketone obtained by 
chromic acid oxidation of secondary octyl alcohol was formylated in the same manner 
as in the case of methyl-n-butyl ketone. The ketone (12.8 g.) gave 4.9 g. of formyl 
derivative. 2-Formylmethyl-n-hexyl ketone is a colorless mobile oil, b.p. 112°/30 mm. 
It becomes reddish on standing and gives a deep violet colour with ferric chloride. 
(Found : C, 68.7; H, 10.2. CsH,.O. requires C, 69.2; H, 10.2 per cent). 

With concentrated copper acetate solution it forms a bluish green copper chelate 
compound which after crystailisation from benzene melts at 117°. (Found: Cu, 15.8. 
C,sH;,0,Cu requires Cu, 16.8 per cent). 

Its semicarbazone after crystallisation from aqueous alcohol melted at 255°. 

Oxidation of 2-formylmethyl-n-hexyl ketone was effected with Kiliani’s dichro- 
mate mixture in the same manner as in the above case. ‘The acid obtained distilled 
at 218-20°. (Found : Equiv. wt., 127.5; anilide m.p. 71°. n-Heptylic acid: equiv. wt., 
130; b.p. 223°; anilide m.p. 71°). 

Formylation of Methyl-n-heptyl Ketone.—Methyl n-hepty] ketone (b.p. 194°) was 
prepared by the ketonic hydrolysis of n-hexylethyl acetoacetate. Its formyl derivative 
was prepared in the same manner as described in the case of methyl-n-butyl ketone. 
The liquid distilied at 135°/30 mm., yield 8g. ‘Found: C, 69.3; H, 9.7. CioHisOz 
requires C, 71.0 ; H, 10.6 per cent). 

The hydroxymethylene compound is a colorless mobile liquid which gives a violet 
colour with ferric chloride. On adding a few drops of it toa cold concentrated solution 
of copper acetate and shaking, its chelate copper compound separated as a bluish green 
mass. On crystallisation from dry benzene it melted at 119°. (Found: Cu, 15.1. 
C.,.H;,0,Cu requires Cu 15.8 per cent). 

It forms a semicarbazone which after crystallisation from dilute alcohol melts at 


165°. 

Oxidation of Formylmethyl-n-heptyl Ketone by Kiliani’s Dichromate Mixture.— 
Formyl ketone (5.2 g.) was oxidised by Kiliani’s dichromate mixture in the same 
manner as in the case of methyl-n-butyl ketone. The main fraction distilled at 235°, 
yield 2.3 g. [Found : Equiv. wt., 141 ; anilide m.p. 55°. Caprylic acid (C,H,,Q,): 
equiv. wt-, 144; b.p. 239°; anilide m.p. 57°]. 


The authors’ thanks are due to Dr. S.S. Deshapande for his valuable suggestions, 
Dr. R. N. Singh for his interest in the work and to Dr. R. K. Singh, Principal, B. R. 
College, for the award of a research scholarship to one of the authors (Y. Singh). 


CHEMICAL LABORATORIES, 
B. R. Coruecr, AGRA. Received December 12, 1953. 
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USE OF THIOSEMICARBAZONES IN INORGANIC ANALYSIS 


By S. S. GuHA SIRCAR AND SATYABADI SATPATHY 


Thiosemicarbazones of eight aldehydes and five ketones were tested as reagents for the common 
metallic radicals at different px ranges and the resulting colour changes and precipitates noted as 
well as the solubilities of the precipitated complexes. Ag, Hgand Cu formed coloured precipitates in 
all cases. The thiosemicarbazones of resorcylic aldehyde, cinnamic aldehyde, vanillin and p-dimethy]- 
aminobenzaldehyde gave quantitative precipitates. The copper derivatives being somewhat colloidal, 
yielded indifferent gravimetric estimations. The last reagent gave a yellow Hg derivative, sensitive 
in tin 108, The resorcylaldehyde derivative gave a red colour with Co in NH,Cl and NH,OH, sensitive 
in 1 in 108 and was successfully used for the colorimetric estimation of the metal. 


Neuberg and Neiman (Ber., 1902, 35, 2049} first poined out that the thiosemicar- 
bazones of a few aldehydes and ketones could be used for identifying Ag, Hg and Cu 
as they formed sparingly soluble derivatives with these metals in solution, Scott, 
Marvin and McCall (J. Amer. Chem. Soc., 1945, 61, 1767) used allylthiosemicar- 
bazones of six aldehydes for the quantitative detection of some metallic ions. Domagk 
(Am. Rev. Tub., 1951, 61, 1) proved the value of some thiosemicarbazones, especially 
those of anisaldehyde and of p-acetaminobenzaldehyde, as potent tuberculostats. This 
work has increased the interest of these compounds. The question whether the anti- 
tubercular action is in any way related to their forming chelates or other complexes 
with trace elements, e.g., Cu or Co, has not been settled yet. It was therefore thought 
worthwhile to investigate the range of such complex formations under controlled 
conditions and also the solubilities and stabilities of such complexes under various 
conditions, 

With this object in view and also to test whether these easily made derivatives could 
be used in gravimetric and colorimetric estimations of metals, the present work was 
undertaken. 


EXPERIMEINTAL 


The thiosemicarbazones of eight aldehydes and five ketones gave coloured insoluble 
precipitates with Ag, Hg and Cu. Quantitative estimations of Hg and Cu have been 
carried out with resorcyl aldehyde, »-dimethylaminobenzaldehyde and cinnamic alde- 
hyde derivatives. The last named reagent gave the best result. The second reagent 
proved to be a highly sensitive one for Hg, yielding a yellow precipitate or colour, 
sensitive up to dilutions of the order of 1 in ro’. 

The first of the above two reagents gave a deep red colour with Co in NH,Cl and 
NH,OH solutions, the sensitiveness being of the order of 1 in 10°. It has been success- 
fully used in the colorimetric estimation of Co under the conditions noted below : 


(a) Ratio of Co: reagent should be 1:2. 
(b) Medium should contain equal amounts of 2% NH,Cl and about 2N-NH,OH. 
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(c) Concentration range of Co should be between 0.005 N and 0.0001 N when the 
visual colorimeter (Duboscq) and between 0.002 N and 0.0001N when the photoelectric 
colorimeter is used. 

The melting points and the analytical data for the reagents are recorded in Table I. 


TABLE I 

Aldehydes or ketenes. M. P. % Sulphur. 
Obs Lit. Found. Calc. 
1. p-Hydroxybenzaldehyde 233° Pe 17.02 16 41 
2. m-Nitro a 228° ose 14.27 14.30 
3. p-Nitro * 240° one 14.25 14.30 
4. Vanilline 195° 196-97° 14.25 14.16 
5. Salicylaldehyde 229° 231° 19.50 16.42 
6. Anisaldehyde 160° 150° 15-35 15.32 
7. Resorcyl aldehyde 215° 212° 15.16 15.22 
8. Acetophenone 106° 108° 16.82 16.70 
9. Acetone 178° 179° 24.51 24.42 
10. ¢cycloHexanone 155° 156° 18.80 17.71 
11. p-Dimethylaminobenzaldehyde 210° eos 14.60 14.41 
12. Alloxan oF owe 15-75 15.84 
13. Diacetyl 185° oe 19.75 19.90 
14. Cinnamic aldehyde 120° ee 15-75 15-61 
15. Benzil Above 240° i 11.50 11.31 


An 1% solution of the reagent in rectified spirit was added dropwise to 10 drops 
uf 2N solutions of salts of the following metals arranged in their analytical order ina 
series of test tubes containing 2 c.c. of an acetate buffer solution ranging in p, between 
3 and 7: Ag, Hg, Pb, Cd, Cu, Bi, As, Sb, Sn, Fe, Al, Cr, Co, Ni, Zn, Mn, Cu, Sr, Ba 
and Mg. ‘The formation of any precipitate or colour change in the mixture was noted, 
both in the cold and on heating. When the precipitate was formed, the test was made 
on a large scale and the insoluble residue filtered, washed and tested for solubilities 
in dilute HCl, ammonia, rectified spirit and acetone and also with HCI (conc.} to see 
whether the metal was liberated from the complex thereby. Quantitative formation otf 
the precipitate was tested by adding the same or some other known reagent for the metal 
to the filtrate. 

When a deep coloured solution resulted, as in the case of cobalt, the sensitivity 
and interference by metals of the same group were tested. As already mentioned, Ag, 
Hg and Cu gave coloured precipitates as a rule. Cobalt gave a coloured solution in 
some cases. ‘Table II summarises these observations. 


Tasie II 
Serial No. Metallic ion. pu. Colour of ppt. or of soln Observations. 
of reagent. . : 
I. Agt 3-42 Colorless gel Not quantitative ; partly soluble 
in hot water & EtOH 

Hg* sd Pale yellow ” ” 
Hg** ” ” ” ” 
Cut 3-42°7 Green gel, black on heating a “a 
Cu** wi Do 





Metallic 


ion. 


Ag” 


Hg*+ 
Cut 

Cntt 
Cott 


Ag 
Het 
Hg** 


Cutt 
Cott 
Ni** 


Ag 
Hg* 
Hg** 
Cut 


Ag 
Hg* 


Hg** 
Cutt 
Cot*+ 


Agt 
Hg* 


Heg** 


Cut 
Cutt 
Cott 


Ag* 
Hg* 
Hg 


Cu 
Co 
Ni** 
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TABLE II (contd) 


Colour of ppt. or soln. Observations. 
Colorless gel Not quantitative ; partly solubk 
in hot water & EtOH 

Pale yellow ‘i ss 
Do ” ” 

Green gel ” ” 
Do : w 

Syrupy liquid ” ” 

Dirty brown o ” 

Colorless » » 

Brown gel, black on heating * si 
Do » ” 

Red colour ” ” 

Colorless syrup o “7 

Light yellow Soluble in alcohol and acetone 
Do Quantitative ; insoluble in hot 

water but soluble slightly in 
EtOH 

Green gel Insoluble in water ; quantitative 
Do » ” 

Red colour oi és 


Slight red colour 


Grey ppt., black on heating Not quantitative 


Colorless gel ” ” 
Do ” ” 
Dirty green gel a 


Syrupy liquid, black on heating 


Yellow ppt Insoluble in alcohol, dil. acids 
and dil. NH,OH 
Do * ”» 
Green ppt. Soluble in hot alcohol 
Red colour Sensitive in 1 in 4 x 103. 
Black ppt. Not quantitative 
Orange-red ” ” 
Slight yellow, black on heating _,, - 
Yellow ppt Quantitative ; insoluble in hot 


water, slightly in alcohol. 
Dark brown gel, black on heating 


Do 
Deep red solution _ Sensitive 1 in 10°. 
Grey gel, black on heating Not quantitative 
Pale yellow gel és 2 

Do ; ” ” 
Green-brown gel = és 

Do ” ” 
Deep red colour Sensitive 1 in 10°. 


No ppt. or colour 
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For quantitative estimation of Hg and Cu, standard solutions of HgCl, and CuSO, 
were prepared and analysed by the mercuric zinc thiocyanate and the iodide method 
respectively. 

To a solution containing 0.1 g. of mercury were added 20c.c. of an acetate buffer 
at px 5-6 and the mixture warmed to 60°-70°, and a slight excess of the 1% alcoholic 
reagent was slowly added, stirring till the precipitation was complete. Then the mixture 
after settling for 3 to 4 hours was again warmed to 40°-50°, filtered through a G3 cruci- 
ble and washed with hot water and 2% alcohol and the crucible dried at 115°-120° toa 
constant weight. Table III records avarage of three estimations of the weight of the 
complex obtained from known volumes of mercury solution together with the calculated 


weights. 
TABLE IIT 
Serial No. of Vol. of soln Wt. of complex Comp'ex Observations. 
reagents used. (Av. of 3 tests). (calc.) 
N/10-HgClg. 
4. 10 ¢.c. 0.2071 g. 0.2117 g. Silightly soluble on washing 
7. 10 0.1922 0.2047 os = 
II. 10 0.2090 0.2103 2 ro 
14. 10 0.2193 0.2195 - i 
N/1c-CuSQ,. 
4. 10 0.1§0§ 0.1537 » - 
10 0.1441 0.1461 9» e 
Ir. 10 0.1500 0.152! i 9° 


Lower values are due to slight solubility of the complexes in the wash liquids. 


Colorimetric Estimation.—In order to establish the validity or otherwise of Beer’s 
law in the case of colour formation by addition of resorcy] aldehyde thiosemicarbazone, 
a series of solutions containing different amounts of cobalt, but in fixed ratios, were 
prepared from a stock solution (1.0278 M/10) and the colour was developed under similar 
conditions by additions of the reagent in ratios 1:1, 1:2 and 1:3 ‘atom:mol.). The deve- 
loped colour was compared by means of the Duboscq colorimeter by the balancing 
method, treating one of)the coloured solutions of the series as the standard. In the pho- 
toelectric colorimeter, the~percentage transmission was determined and a graph was 
drawn by plotting it against the concentration. The solvent was a mixture containing 
equal amount of 2N-NH,OH and 2% NH,ClI solution. The reagent was also prepared 
in this solvent. 

Table IV shows that the full development of colour requires the addition of 
the reagent in 1:1 ratio, preferably in 1:2 ratio. 

The percentage of light transmission at different wave-length is shown in Fig. 1. 


Table V shows the results obtained while testing for Beer-Lambart law by photo- 
electric colorimeter. The wave-length used was 420 nA. 

I,=% transmission when the cell contains only the solvent and the reagent, 

I=% transmission when the solution contains the colour solution. 


5—1851P—6. 
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TABLE IV 
Co: reagent. ]. Mean /;. Ie. Mean /». 
120.5 20 mm. 15 mm. 40.20 mm. 30.1 mm. 
15 30.15 
10 19.95 
r:t 20 15 19,85 14.87 
15 14.90 
10 9.86 
1:3 20 15 20.05 15.10 
15 15.10 
10 10.15 
1:4 20 15 20.10 15.05 
15 14.90 
10 10.15 
TABLE V 
Conc. te. a log 39(19/1) x 107. 
0.0001 M 40 36 4.58 
0.0002 99 31 11.07 
0q0004 RA aI 28.00 
0.0010 ” 9 64-79 
0.0020 = 2 130.11 


From the above results it is evident that Beer-Lambert law is applicable to this 


coloured complex within the range of experimental error. 


The estimation could not 


be performed beyond the concentration 0.005 M, since whole of the light was absorbed 
and a black space was observed when looked through the eye-piece of the Duboscq colori- 
meter. Similarly it could not be performed beyond 0.0001 M concentration, since very 


little of the light could be absorbed. 


MAYURBHAN] CHEMICAL LABORATORY, 
RAVENSHAW COLLEGE, CUTTACK-3. 


Received October 27, 1953, 
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“< ACTION OF ANILINE AND OTHER PRIMARY AMINES ON 
B-ARYLGLUTACONIC ANHYDRIDES. cis AND trans 
ISOMERISM OF SEMIANILIDES AND ‘THEIR 
DECARBOXYLATION PRODUCTS. PART II 


By S. S. KARMARKAR AND V. M. BHAVE 


The structures of the semianilides of 8-arylglutaconic acids and their decarboxylation products have 
been determined in an unambiguous manner. 


In the previous part (this Journal, 1953, 30, 689) a number of substituted primary 
amines have been shown to condense with §8-arylglutaconic anhydrides to form the 
corresponding semianilides of 8-arylglutaconic acids, and it has also been shown that 
2 in addition to the dehydration of semianilides to the corresponding hydroxy-anils, under 
certain conditions, they give rise to the corresponding decarboxylation products. 





In view of the fact that some of the semianilides of f-arylglutaconic acids, studied 
in this laboratory, viz. o-carbomethoxysemianilides of 8-arylglutaconic acids, were shown 
to exhibit ‘cis’ and ‘trans’ isomerism, and each of these forms was capable of possessing 
either of the alternate structures (I and III or II and IV) respectively, the present 
authors thought it necessary to determine the structure of the semianilides of f-aryl- 
glutaconic acids and also of their decarboxylation products in an unambiguous mauner. 


Determination of the Position of attachment of the Amines to the B-Arylglutaconic 
‘Acid Chain.—It will be seen from formulae (I) and (II) below, that the amine 
can attach itself to the 8-arylglutaconic acid through the —COOH adjacent to the double 
bond or through the other —COOH group. The cis and trans forms of the formula (I), 
on decarboxylation will afford the cis and trans forms of the corresponding 
decarboxylation products {V) and (VI); while the cis and trans formulae of (II), on 
the other hand, will yield only one product of decarboxylation (VII) which will be 
theoretically incapable of exhibiting cis and trans isomerism. 


CH—CO—NH—R, R,—NH—CO—CH 
i lj 
R—C R—C 
| —_-— | 
CH,—COOH CH,—COOH 
(I) (IIT) 
4 1 
CH—CO—NH—R, R,—NH—CO—CH 
I | [where R & R, 
R—C R—C are substituted 
| | phenyl radicals] 
CH, CH, 


(V)’ (vi) 
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CH—COOH : HOOC—CH 
RC _—_——> R« 
[ H—R, CH,—CO—NH—R, 
(II) ™“ 1 ¢ (IV) 
R—C 
ace. —CO—NH—R, 


(VII) 


It has been found that the decarboxylation product of o-methylsemianilide of B-(4- 
methoxyphenyl)glutaconic acid of m.p. 163° (trans?), mentioued in the previous part, 
can exhibit cis and trans isomerism, as it could be converted into another isomeric com- 
pound of m.p. 232° (cis?) on treatment with concentrated hydruchloric acid. So this 
evidence clearly rules out structures (I1) and (IV) for the semianilides of 6-arylglutaconic 
acids. Moreover, the compound of m. p. 163°, when subjected to alkaline hydro- 
lysis, furnished an acid of m.p. 155° which was identified as the known -methoxy- 
8-methylcinnamic acid. This confirms the above view that the products of mp. 163° 
and 232° are cis and trans isomers represented by formulae (VI) and (V), since the 
isomeric structure (VII) is incapable of furnishing p-methoxy-8-methylcinnamic acid. 


CH— = 


mo > 


CH= clon | 


CH--Co—NHE + (x) 
pdm, 1118 finden 
Y 4 | Heat | 
MOK, » ie COOMe ieee mace + 
(vim CH,—COOH | 
Controlled | heating 
ile ¢ —NH-CO—CH 
eG per CH — 


1g0° a 
pean | | mmo ao i> Meo »—< 
MeO¢ _)>-« ~—— | 
Me 


(XI) cet 2--COOH (X) 


b-Methoxy-8-methylcinnamic acid is known and described in the literature ; the 
authors, however, have been unable to obtain any unambiguous reference in the literature 
as to whether the usually described form of m.p. 155° possesses cis or trans form, 
Hence, it was not found possible to say whether the substance of m.p. 163° is cis and 
that of 232° is trans or vice versa. However, some observations made by us, in the 
case of certain other substituted semianilides, prepared by Joshi (unpublished work) and 
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cis and trans configurations of which are known, will throw some light on the nature of 
the structures of compounds of m.p 163° and 232°. 

It was observed that when both the cis- and trans-O-carbomethoxysemianilides 
of 8-(4-methoxyphenyl)glutaconic acid were subjected to heat treatment, the cis 
compound gave the corresponding hydroxy-anil, and in addition, it was aiso accompanied 
by a smail quantity of a neutral substance of m.p. 1ror® (mot observed by Joshi). The 
trans form, on the other hand, underwent decarboxylation and gave only the neutral 
substance of m.p. 101° in good yields and this was shown to be identical with the subs- 
tance obtained from the cis isomer. 

This shows that partly the cis-semianilide on heating loses a molecule of water 
to afford the corresponding hydroxy-anil and partly it is converted into its trans 
form which may or may not be stable, and the latter by decarboxylation may yield 
the trans decarboxylation product. The trans form, on the other hand, undergoes only 
decarboxylation to yield the trans decarboxylation product. 

These observations are parallel to the changes undergone by coumaric acid itself 
and the trans-hydroxyquinolylacrylic acid (Dey and Seshadri, this Journal, 1927, 4, 189). 

All the above evidences would rather indicate that the compound of m.p. 163° might 
possess the trans structure (VI) and the compound of m_p. 232°, the corresponding cis 
structure (V). A definite structure for both the above forms could have been given 
if it were possible to hydrolyse the substance of m.p. 232° tothe corresponding form of 
p-methoxy-8-methylcinnamic acid. ‘The work in that direction is in progress. 


ExPERIMENTAL 


Hydrolysis of the Decarboxylation Product ‘m.p. 163°).—Decarboxylation product 
(m.p. 163°) (1g.) was dissolved in ethy] alcohol (15 c.c.) and 12.5N-NaOH (2 c.c.) was 
added and the mixture was refluxed on a water-bath for 12 hours. The ethyl 
alcohol was evaporated and water (ro c.c.) was added. The mixture was filtered to 
remove the unchanged original substance. The filtrate was acidified with HCl 
(conc.) and the white solid separating was purified by dissolving it in NaHCO, 
solution and then reprecipitating by HCI (conc.). It crystallised from hot water in color- 
less needles, m.p. 155°. Its mixed m.p. with the p-methoxy-8-methylcinnamic acid, 
prepared by the known method, showed no depression. 

Decarboxylation product of the semianilide of 8-(4-methoxyphenyl])glutaconic acid 
of m.p. 144°, mentioned in the previous part, was also hydrolysed in the same manner as 
described above, and the same p-methoxy-8-methylcinnamic acid of m.p. 155°, was 
obtained. 

Synthesis of the Product (m.p. 163°).—The crude p-methoxy 8-methylcinnamoyl] 
chloride was dissolved in ether and an excess of o-methylaniline was added. After 24 
hours the ether was evaporated. The residue was washed with water, HCl (dil.), 
NaOH (dil.) and finally again with water. The neutral solid that remained behind 
was crystallised from dilute acetic acid or from ethyl] alcohol in pinkish plates, m.p. 163°. 
Its mixed m.p. with the compound obtained from o-methylsemianilide of §-(4-methoxy- 
phenyHglutaconic acid, mentioned in the previous part (loc. cit.), showed no depression, 








458 $. 8. KARMAKAR AND V. M. BHAVE 


The compound of m.p. 144°, mentioned above, was similarly synthesised from aniline 
and p-methoxy-8-methylcinnamoy] chloride. 

Decarboxylation of the trans-o-carbomethoxysemianilide of B-(4-Methoxyphenyl)- 
glutaconic Acid.—trans-o-Carbomethoxysemianilide of §-(4-methoxyphenyl)glutaconic 
acid of m.p. 185° (1 g.) was heated in an oil-bath at 190° for half an hour. The dark 
solid resulting was crystallised from dilute acetic acid, m.p. 100-1o1°. 

The neutral substance which was obtained together with the hydroxy-anil by heat- 
ing the cis isomer of the above semianilide had the same m.p. 100-101°. ‘The mixed m.p. 
showed no depression. 

Conversion of the trans-Decarboxylation Product (m.p. 163°) to its cis- Isomer 
(m.p. 232°).—The compound of m.p. 163° (1 g.), supposed to be the trans-decarboxyla- 
tion product of o-methylsemianilide of §8-(4-methoxyphenyl)glutaconic acid, was 
boiled with HCl ‘conc., 25 c.c.) in ar. b. flask (50 c.c.) for 2} hours. The acid was 
then diluted with water and filtered. The solid thus obtained was then crystallised 
from dilute acetic acid in shining plates, m.p. 232°; yield, almost quantitative. (Found: 
C, 76.4; H, 6.6; N, 5.0. C,sH,,.O,N requires C, 76.89; H, 6.76; N, 4.08 per cent). 


CHEMISTRY LABORATORY, 
R. R. Coiiece, Bompay. Received March 15, 1954. 
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ON SOME MIXED AROMATIC ALIPHATIC SULPHONES 


By R. S. ASTHANA AND G. S. MISRA 


Six new substituted benzylph:nylsulphones have been prepared and subjected to the reaction with 
acrylonitrile. Only three of these were found to undergo cyanoethylation smoothly. 


A large number of investigations on the reactions of acrylonitrile with various types 
of oiganic compounds containing active hydrogen atoms have been carried out and a 
review has been published on the subject (Bruson, ‘‘Organic Reactions’, Vol. V, pp. 
79-135). Bruson and Riener (J. Amer. Chem. Soc., 1948, 70, 215) have applied the 
cyanoethylation reaction to an active methylenesulphone, namely benzylphenylsulphone 
and found the reaction to take place smoothly in presence of benzyltrimethylammonium 
hydroxide, thus: 


Ph.C—SO,.Ph 
CH,.CH,CN 


In the present paper six new mixed aromatic-aliphatic sulphones have been prepared. 
It was found that whereas the three chloro-substituted benzylpheny!su/phones reacted 
with acrylonitrile in the normal way, the p-methylbenzylphenylsulphone remained 
unchanged. Further, no crystalline products could be isolated from the o-methyl- and 
m-methy|l-benzylphenylsulphones. 


ExPERIMENTAL 


Sodium Benzenesulphinate.—The sodium salt of this acid was prepared in the 
usual way from benzenesulphinic acid, obtained by using the method of Ullmann and 
Pasdermadjian (Ber., 1901, 34, 1151, footnote). 


Substituted Benzylphenylsulphones 


p-Chlorobenzylphenylsulphone.—A mixture of sodium benzenesulphinate (4 g.) 
and p-chlorobenzy! bromide (4 g.) in absolute alcohol ‘10 c.c.) was refluxed for 35 hours. 
The hot reaction mixture was poured into 100 c.c. of ice-water. The crude product was 
filtered and dried. It was recrystallised from ethyl alcohol, m.p. 180-S1°, yield 3.5 g. 
(54%). (Found: S, 11.59. C,;H,,0.CIS requires S, 12.02 per cent). 


The other substituted benzylphenylsulphones were prepared similarly. The results 
are summarised in Table I. 
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TABLE I 
Substituted Substituted 

benzyl bromide benzylphens Isulphone M.P. Yield Formula. % Sulphur. 

(R. CgHy.CH,Br). (R. CgHy CH, SO,.Pb) Found, Cale. 
R= R= 
o-Cl o-Cl 60-61° 79% Cj3H),0,C1S 12.5 12.02 
m-Cl m-Cl 100-101° 62 C34, 0,CiS 12.46 12.02 
pCi pP-Cl 180-181° 54 Cy3Hy),0,C1S 11.59 12.02 
o-Me o-Me 70° 45 C\,Hy0,8 12.56 13.03 
m-Me m-Me 104-105° 93 Cy4HyO,S 12.62 13.03 
p-Me p-Me 145° 81 C\4Hy02S 12.53 13.03 


Cyanoethyiation of the Substituted Benzylphenyisulphones 


y-p-Chlorophenyl-y-phenylsulphonyi-pimelonitrile—A mixture of p-chlorobenzyl- 
phenylsulphone {3 g.), acetonitrile (20 c.c.) and 40% benzyltrimethylammonium 
hydroxide (0.5 c.c.) was stirred while acrylonitrile ‘1.2 g.) was added slowly with 
cooling. ‘The mixture was stirred for 55 hours at 30°-35° and made acidic with dilute 
HCl, and then poured on ice. The solid separating (3 g.) was recrystallised from 
ethyl] alcohol. After two recrystallisations, m.p. of the substance was found to be 
194-95°, yield 2.5 g. (60%). (Found: N, 7.52. C,,H,,O,N,CIS requires N, 7.51 per cent). 

y-o-Chlorophenyl-y-phenyisulphonyl-pimelonitrile—A mixture of o-chlorobenzyl- 
phenylsulphone (3 g.), acetonitrile (20 c.c.), 40% benzyltrimethylammonium hy- 
droxide (0.5 c.c.) and acrylonitrile (1.2 g.) were similarly stirred for 48 hours. The 
cyanoethylation product, separating as an oil, was extracted with ethylene dichloride 
(so c.c.). After evaporation of the solvent, the residual heavy oil was mixed with a 
little alcohol and kept in a vacuum desiccator, when it solidified. It was recrystallised 
from ethyl alcohol, m.p. 87-88°, yield 3.5 g. (83.5%). (Found:N, 7.48. CisH,,O.,N,CIS 
requires N, 7.51 per cent). 

y-m-Chlorophenyl-y-phenylsulphonyl-pimelonitrile.—A mixture of m-chlorobenzyl- 
phenylsulphone (3 g.', acetonitrile (40 c.c.), 40% benzyltrimethylammonium hydroxide 
(0.5 ¢.c.) and acrylonitrile (1.2 g.) were similarly stirred for 48 hours. The 
cyanoethylation product, isolated as above, was recrystallised from ethyl alcoho). The 
pure product (1 g.) separated on cooling. On concentrating the mother-liquor, un- 
changed sulphone (1.5 g.) was recovered. ‘The m.p. of the product was 162-63°, yield 
1g. (24%). (Found: N, 8.04. C,,H,,0,.N.,CIS requires N, 7.51 per cent). 

It was, however, found that p-methylbenzylphenylsulphone did not undergo cyano- 
ethylation under the abcve conditions. From o0-methyl- and m-methyl-benzy!l- 
phenylsulphones, oily products were obtained on cyanoethylation, which failed to 
crystallise on standing in a vacuum desiccator. 

The authors desire to thank Prof. A. C. Chatterji, D.Sc., Dr. Ing. for facilities and 
the Scientific Research Grants Committee, U.P. for the grant of a fellowship to one of 
them (R.S.A). ‘They also wish to thank M/S Imperial Chemical Industries, Ltd. for 
a gift of chemicals (acrylonitrile). 
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A SYNTHESIS OF 6-FUROIC ACID 
By A. GHOoSH AND C. R. RAHA 


8-Furoic acid has been synthesised by reducing the lactone carbony! of aa-dicarbethoxy-y-butyro- 
lactone; the 88-dicarbethoxytetrahydrofuran, thus obtained, has been hydrolysed and the desired acid 
obtained by dehydrogenation. 


8-Furoic acid has till now been synthesised from ethyl furan-x8'’-tetracarboxylate 
by hydrolysis of the ester and subsequent stepwise decarboxylation (Gilman and 
Burtner, J. Amer. Chem. Soc., 1933, 55, 2903 ; Gilman, Oatfield and Kirkpatrick, Proc. 
Iowa Acad, Sci., 1933, 40, 112 ; Kirkpatrick, Iowa State Coll. J. Sci., 1936, 11, 75). 

In connection with a decision on the constitution of a 88-dicarbethoxytetrahydro- 
furan, described earlier by Ghosh and Raha ‘J. Amer. Chem. Soc., 1954, 76, 282), an 
independent route to the synthesis of the known §-furoic acid had to be worked out. 

The reduction of a lactonic carbonyl group by means of aluminium amalgam in 
acidic condition initiated the steps of such a synthesis. For this purpose «*-dicarbethoxy- 
y-butyrolactone (I) was prepared from ethyl methane tricarboxylate (Haller, Compt. 
rend., 1890, 111, 54; Haller and Muller, ibid., 1904, 138, 445; 1005, 139, 1182; 
Scholl and Egerer, Annalen, 1913, 397, 362 ; Staudinger and Hirzel, Ber., 1016, 49, 
2528; 1917, 50, 1033; Auwers and Auffenberg, Ber., 1918, 51, 1008). 


CH,—C(CO,Et), CH.—-C(C0,Et), 
| | AlHg | | 
CH, co _—_ CH, CH, 

(I) (II) 


The 88-dicarbethoxytetrahydrofuran (II) (Ghosh and Raha, loc. cit.), obtained by 
reduction of the preceding lactone, was hydrolysed to tetrahydro-8-furoic acid (Ghosh and 
Raha, loc. cit.). The tetrahydro-8-furoic acid was dehydrogenated with alkaline potassi- 
um ferricyanide ‘Conant, J. Amer. Chem. Soc., 1931, 35, 359, 2382) to the known §-furoic 
acid (Gilman and Burtner, loc. cit.). 


ExPERIMENTAL 


a2-Dicarbethoxy-y-butyrolactone.—To the sodio salt of ethyl methane tricarboxylate, 
prepared from the ester (23 g., 0.1 M), metallic sodium (2.3 g., 0.1 M) and absolute 
alcohol (30 ml.), was added dropwise with stirring ethylene chlorohydrin (8 g., 0.1 M). 
The reaction mixture was left at room temperature for 15 minutes with intermittent 
swirling and then maintained at the reflux temperature for 8 hours. Conventional 
processing up of the cold reaction mixture gave the following fractions : 

Fraction I. Liquid (9.6 g.), b.p. 62°-65°/o.8 mm. It was y-butyroiactone as 
proved by oxidation of 2.2 g. of the liquid with 1.1 ml. of concentrated nitric acid 
(d 1.41) diluted with 4.4 ml. of water to succinic acid. 

6—1851P.—6 
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Fraction II. Liquid (4 g-.), b.p. 130°-135 /v.2 mm., liquid form of 2a-dicarbethoxy- 
y-butyrolactone. (Found: C, 52.37; H, 6.19. Cale. for C,.H,,O, : C, 52.17; H, 
6.08 per cent). 

Fraction III. Liquid (2.7 g.), b. p. 135°-145°/o.2 mm. ‘This liquid solidified 
towards the end of the vacuum distillation. After crystallisation from rectified spirit 
it had m.p. 99.5°. 

The solid had the same elemental analysis as that of the stable liquid fraction 
Both the liquid and the solid fractions were converted into the known §-furoic acid in the 
manner described below. 

Tetrahydro-8-furoic Acid. —-x2-Dicarbethoxy-y-butyrolactone (2.3 g., 0.01 M) was 
dissolved in 10 ml. of dry petroleum ether (b.p. 60°-80°) in a conical flask and aluminium 
shavings (1 g.), amalgamated and dried in the usual manner, was added to the petrol- 
eum ether solution: Alcohol (once distilled, 3 ml.) saturated with HCl gas was added 
to the reaction mixture, and kept in a frigidaire. Aluminium amalgam (1 g.) and 
HCl-saturated, once distilled alcoho! (3 mil.) were added after every 8 to 12 hours of 
the reaction. After aluminium amalgam (4 g.} and alcohol ‘12 ml.) were added and the 
reaction had proceeded for at Jeast 50 hours, the reaction mass was decomposed with 
iced HCl, Extraction with petroleum ether and ether and removal of the solvents 
left behind a liquid which was hydrolysed crude with 15% HCl (25 ml.) for 30 hours. 
The hydrolysed mass was evaporated to dryness and left in a vacuum desiccator 
to obtain a crystalline material, yield 0.45 g., m.p. (crude) 123-25°. After two 
crystallisations from water containing a few drops of HCl, the m.p. was raised to 129-30° 
which remained undepressed on admixture with an authentic sample (Ghosh and Raha, 
loc.cit.). 

B-Furoic Acid.—The preceding compound (1.8 g., 0.015 M) was dissolved in 
a solution of caustic soda (1.9 g. in 7-7 ml. of water). Finely powdered potassium 
ferricyanide (5.3 ¢., 0.03 M) was added to the reaction mixture. The slurry obtained 
on thoroughly agitating the flask was left at room temperature for 24 hours. 
It was then refluxed on a sand-bath for 28 hours, cooled, acidified with dilute 
HCl, extracted repeatedly with ether and the solvent removed. The residual oil was 
charcoalised in acidulated water, concentrated and on cooling in a frigidaire it gave 
8-furoic acid (0.8 g.) (Gilman and Burtner, loc. cit.), m.p. 122-23° after crystallisa- 
tion from 1:1 alcohol-ether mixture. (Found: C, 53.8; H, 3.62; equiv., rro. 
Cale. for C;sH,O;: C, 53.57; H, 3.57 per cent. Equiv., r1r2). 

A comparatory sample of 8-furoic acid was also prepared by identical dehydrogena- 
tion process from tetrahydro-8-furoic acid obtained by the earlier described method 
(Ghosh and Raha, loc. cit.). 

The authors’ thanks are due tc Dr. D. M. Bose, Director of the Bose Research 
Institute for his kind interest in this work. 
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PREPARATION OF 5-lODO-3-HYDROXYTHIONAPHTHENE : 
ITS CONDENSATION WITH ISATIN AND ITS 
SUBSTITUTED PRODUCTS 


By ARUN KuMAR SINHA 


5-Iodo-3-hydroxythionaphthene has been prepared from 4-iodo-2 carboxyphenylthioglycollic acid. Six 
new dyestuffs of thioindigoid group have been synthesised by the condensation of 5-iodo-3-hydroxythio- 
naphihene with isatin, 5-chloroisatin, 5 :7-dibromoisatin, 5-bromo-7-nitroisatin and 5 :7-dinitrzisatin. 
5 :5-Di-iodothioindig» has been synthesised and its properties studied. 


It is now definitely established that substituted thioindigoid dyes produce deepe 
shades on cotton and wool than that yielded by the unsubstituted dye. 


Formanek (Chem. Abst., 1928, 22, 3583) has observed that when atoms of chlorine 
and bromine are introduced into the benzene nucleus of indigo, the absorption bands 
are shifted towards the red, the amount of shift depending on the number of halogen 
atoms introduced and that due to bromine being larger than that of chlorine. The intro- 
duction of alkyl groups, however, in the benzene nucleus of indigo causes the shift 
of the absorption band comparatively slight. ‘‘Monothioindigo’’ and thioindigo show 
two absorption bands and tliese are shifted towards the violet end on substitution. The 
changes in absorption caused by substitution in the case of the thioindigo molecule are 
similar to those of indigo derivatives. 


Guha (this Journal, 1944, 21, 87; 1946, 28, 103; 1947, 24, 473) has shown that 
when the same atom or group is substituted in different positions of the benzene nucleus 
of the thioindigo molecule, a variation in the shade takes place and that the deepest 


shade is produced when the substituent occupies the 5-position. 


Formanek’s work (loc. cit.) on substitution by chlorine and broinine atoms indicates 
that the heavier the halogen atom, the deeper the shade. It is to be expected from 
this fact, in conjunction with Guha’s observations, that the heaviest halogen element, 
iodine, when introduced in the 5- and 5/-positions, should produce a dye which would 
show the deepest shade. The present work was undertaken to find out the correctness 
or otherwise of the view. For this purpose, the dye 5:5’-di-iodothioindigo (A) has been 
prepared by oxidation of 5-iodo-3-hydroxythionaphthene which, in its turn, has been 
synthesised from 4-iodo-2-carboxyphenylthioglycollic acid, not described in literature. 
5-lodo-3-hydroxythionaphthene has been condensed with isatin, and s5-chloro-, 5-bromo.-, 
5:7-dibromo-, 5-bromo-7-nitro-, 5:7-dinitro- isatin to obtain respectively the following 
compounds : 3-indole-2’-(5’-iodo)thionaphthene-indigo (B), 3-(5-chloro)-indole-2’-(5’- 
iodo)thionaphthene-indigo (C), 3-(5-bromo)-indole-2’-(5’-iodo)thionaphthene-indigo (D), 
3-(5:7-dibromo)-indole-2’-(5’-iodo)thionaphthene-indigo (E), 3-(5-bromo-7-nitro)-indole- 
2’-(5‘-iodo)thionaphthene-indigo (F), and 3-(5:7-dinitro)-indole-2'-(5’-iodo)thionaph- 
thene-indigo (G). These componds have the general formula : 
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All these dyes possess a violet-red colour but the dinitro compound has a chocolate 
colour. They are all crystalline substances and are soluble in pyridine, aniline and 
nitrobenzene. They dissolve in cold concentrated sulphuric acid producing either a 
light yellowish green or a green solution from which the original dye can be reprecipi- 
tated unchanged in a flocculent state on addition of water. The colour ou wool develops 
uniformly from a dilute sulphuric acid bath and on cotton from either a light greenish 
yellow or yellow vat which can be obtained at 50°-55° excepting in the case of the isatin 
compound (B), which requires 80°-90°; the original colour develops on atmospheric 
oxidation. Considerable difficulty was experienced in reducing 5:5 -di-iodothivindigo, 
but it was found possible to reduce it at 85°-90°. A light shade is developed on cotton 
from a deep yellow hydrosulphite vat. 

The properties of the compounds are summarised in Table I. The determination 
of absorption maxima of the dyes and further work in this connection are in progress. 


EXPERIMENTAL 


4-lodo-2-carboxyphenylthioglycollic Acid.—s-Iodoanthranilic acid (8.9g.) was 
dissolved in N-NaOH (soc.c.) and the solution was added with constant stirring to 
HCI (cone.). It was then diazotised at 0°-3° with NaNO, (2.1 g.) solution in water 
(21 ¢.c.). The diazo solution was added with stirring to a cold mixture of potassium 
xanthate (6.0 g.), anhydrous sodium carbonate (12.0g.) and water (go c.c.) con- 
taining ice (30 g.). Decomposition of the diazonium compound took place with the 
separation of a brownish liquid as it was slowly warmed up to the room temperature. 
When the decomposition was complete, a strong so'ution of sodium hydroxide was added 
for dissolving the brown oil. The mixture was heated on a water-bath for 3 hours. 
Sodium chloroacetate, prepared from monochloroacetic acid (6.0 g.) and sodium car- 
bonate, was added to the mixture which was again heated for 45 minutes. The mixture 
was then cooled in ice and on the addition of excess of HCl, 4-iodo-2-carboxyphenyl- 
thioglyollic acid separated as a yellowish precipitate. It was purified by recrystallisation 
from hot water and finally obtained as a yellowish crystalline powder (3.0 g.), m.p. 
208°-10°. (Found: C, 31.8; H,2.3; I, 36.4; S, 9.6. C,yH,O,IS requires C, 31.95; 
H, 2.07; I, 37.61 ; S, 9.47 per cent). 

5-lodo-3-hydroxythionaphthene.—Sodium hydroxide (15 g.) was taken in a hard 
glass test tube, to it a little water (0.5 c.c.) added and heated till it formed a thick paste; 
4-iodo-2-carboxyphenylthiogiycollic acid (3.0 g.) was added gradually at 180°-1g0°. 
The heating was continued for one hour after the addition was complete. Care was 
taken that the paste did not dry up, by moistening with water from time to time. When 
the melt cooled, it was dissolved in water, acidified with HCl, cooled and filtered. 
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The precipitate obtained was purified by distilling with superheated steam. ‘The dis- 
tillate gave pale yellowish leaflets, recrystallised from petroleum ether (b.p. 60°-S0°) 
in pointed needles, m.p. 140-41° (blackening from 138°), yield o.57g. (Found. C, 
34-5; H, 2.1; I, 46.0. C,sH,OIS requires C, 34.78; H, 1.81; I, 46.01 per cent). 

Second Method.—4-lodo-2-carboxyphenylthioglycollic acid (3.0 g.) and fused 
sodium acetate (5.0 g.) were refluxed for 3 hours with acetic anhydride (18.0 c.c.). 
The mixture was cooled and then decomposed with water. The oily residue was boiled 
with an excess of NaOH solution for 15 minutes. The dirty solution was acidified 
with HCl, filtered and washed with a little water. The crude thioindoxyl, thus obtained, 
was subjected to steam distillation. It was recrystallised from petroleum ether, m.p. 
140-41.5°, yield 0.6g. (Found: C, 34.6; H, 2-3. CsH;O1S requires C, 34.78; H, 
1.81 per cent). 

5: 5'-Di-iodothioindigo (A).—5-Iodo 3-hydroxythionaphthene (0.17 g.) was disso!ved 
in hot N-NaOH solution (20 c.c.) and treated slowly with potassium ferricyanide (5 %) 
until precipitation of the dye was complete. The mixture was heated on the water- 
bath for 14 hours. The dye (0.1 g.) was filtered, washed and recrystallised ‘from 
nitrobenzene. (Found: S, 11.83 I, 46.2. C,.H.O.1,S, requires I, 46.35; S, 11.67 
per cent). 

3-Indole-2’-(5’-iodo)thionaphthene-indigo (B).—Isatin (0.2357 g.) was dissolved 
in boiling glacial acetic acid (40.c.c.) and equimolecular proportion of 5-iodo-3-hydroxy- 
thionaphthene (0.443 g.) was added. The resulting deep red solution on treatment 
with HCI (conc., 4 c.c.) precipitated the dye asa dark red powder. The mixture was 
boiled for 10 to 15 minutes, filtered while hot, and washed with a little acetic acid and 
hot water. It was recrystallised from nitrobenzene. 

The indole- thionaphthene-indigos, described in Table I, were prepared in a similar 
way. ‘They were purified by recrystallisation from nitrobenzene. 

Thanks of the author are due to Dr. R. C, Ray, D.Sc., Prof. N. K. Basu and 
Dr. J. C. Banerjee for their kind interest and encouragement. 
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CONDUCTOMETRIC AND POTENTIOMETRIC STUDIES ON THE 
COMPOSITION OF THORIUM FERROCYANIDE 


By JAGpIsH NARAIN GAUR AND ABANI K. BHATTACHARYA 


The composition of thorium ferrocyanide has been studied both by conductometric and potention et- 
ric titrations cf thorium nitrate and potassium ferrocyanide at different concentrations in aqueous 
and aqueous alcoholic solutions The composition of the compound formed, as shown by the titration 
curves, corresponds to the formula ThFe(CN)¢. 


The composition of metallic ferrocyanides of many common metals has_ been 
investigated by analytical and physico-chemical methods. Kolthoff (7. anal. Chem., 
1923, 62, 209), Britton and Dodd ‘J. Chem. Soc., 1933, 1543), Modain-Monval and 
Paris (Compt. rend., 1934, 198, 1154) and Dutoit and Grobet (J. chim. phys., 1922, 
19, 324) have carried out an extensive work on the application of physico-chemical me- 
thods to the determination of the chemical formulae of metallic complexes, but the 
ferrocyanides of the rarer metals have been much less studied. Fischer and 
Benzian (Chem. Z., 1902, 26, 49) studied the composition of thallous ferrocyanide and 
Atanasiu (Bul. Soc. romana, stiinte, 1928, 30, 69) imvestigated the composition of 
uranyl ferrocyanide by potentiometry. It appears that the composition of thorium 
ferrocyanide has not been investigated by physico-chemical methods so far. Results 
of the conductometric and potentiometric studies of the composition ot thorium ferrocya- 
nide are reported herein. 


ExPERIMENTAL 


Analar (B.D.H.) chemicals were used. Thorium nitrate solution was precipitated 
as thorium oxalate, ignited and weighed as ThO, (Vogel, “‘A Text-book of Quantitative 
Inorganic Analysis’, pp. 557-558). Potassium ferrocyanide solution was estimated as 
described in a previous publication (this Journal, 1951, 28, 473). Experimental deter- 
minations of conductivity and the measurement of li.M.F. were carried out as descri- 
bed in our previous publications (ibid., 1953, 30, 158, 163). Summarised results of 
conductometric and potentiometric titrations of thorium ferrocyanide are shown below. 


TABLE I 


Direct titrations (conductometric). 


Conc. ratio K,Fe (CN)g Alcohol Th (NOs), Th (NO3), Equiv. vol. Compound Curve 
(n). inthe cell added. required for calc.for of Th(NO3), formed. No. 
(v c.c.) vc.c. of KyFe- 20¢.c. of [mn (v;/v) X20 j 


(CN)¢ (v, c.c.). KyFe CN)¢ 
[(v,/v) X 20]. 


M/5-Th (NO3)4 20 €.c, oce. 4.0 ©... 4.0 C.c. 20 €.c. ThFe (CN)¢ I 
and 18 2 3.6 4.0 20 ThFe(CN)s 2 
M/25-K,Fe (CNig 16 4 3.15 3-93 19.65 ThFe(CN)¢ 3 
M/5-Th (NOs3)4+ 20 oO 20 20 20 ThFe(CN’s 4 
and 18 2 1.8 2.0 20 ThFe(CN)¢ 5 


M/s0-K4Fe (CN), 16 4 1.55 1.94 19.4 ThFe(CN)g 6 
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Taare II 


Reverse titrations (conductometric), 


Conc. ratio Th(NO;), Alcohol K,yFe(CNig KyFe(CN)g © Equiv. vol. of Compound. Curve 
(n) inthe cell. added. requiredfor calc for :occ. K,Fe (CN)¢ formed. No. 
(vec) v c.c. of of Th(NO 3), [m(v,/v) X10]. 
Th (NOq4 ~— [(v,/v) X10] 
(Vv, c.c }. 
M/5-KyFe (CN) 10 ¢.¢. oce. 2cc. 2c.c. 10 C.c. ThFe (CN)¢ 7 
and 9 I 1.8 2 10 ThFe (CN)¢ 8 
M/25-Th(NO3)4 8 2 1.5 1.88 9.4 ThFe (CN)g 9 
M/5-K,yFe.CN's 10 o 1.0 1.0 10 ThFe(CN)g 10 
and 9 I 0.9 1.0 10 ThFe (CN)g_ 11 
M 50-Thi{NOs),4 s 2 0.8 1.0 10 ThFe (CN)¢ 12 
TABLE III 


Potentiometric titrations of thorium ferrocyanide 


Th (NOs), Alcohol KyFe (CN)g K,Fe (CN)g Egquvalent 


Cone ratio inthe cell added requireifor ale for volume of Compound Curve 
(n). (v c.c.) vec. of 20 ¢.c. of K,yFe(CNg) formed. No. 
Th(NOQs), Th NOs); in(vy v) X20] 
(vie.c.).  [v)/¥) x20], 
M/5-K,yFe(CN)¢ 20 ¢.c. oO ¢.c, 4oce. 4.0 C.c. 20c.c. ThFe(CN)¢ 1, Fig. 3 
and 18 2 3.6 40 20 ThFe(CN)g 2 ,, 
M/25-Th(NOs3)4 16 4 3.0 3-75 18.75 ThFe(CN)g 3», 
M/5-KyFe(CN)¢ 20 o 20 2.0 20 ThFe(CN)¢ 1, Fig. 4 
and 18 2 1.8 20 20 ThFe(CN)g 2 ,, 
M/50-Th(NOs3),4 16 4 1 65 2.0 29 ThFe(CN)g 3 5, 


DISCUSSION 


The theoretical titre values in direct titrations when M/5-K,Fe(CN), is added 
to 20 c.c. of M/25-Th(NO,), should be 4 c.c. of K,Fe(CN), solution according to the 
equation 


Th(NO,;), + K,Fe(CN), = ThFe (CN), + 4KNO,,. 


Similarly when the ratio of molar concentration of Th(NO;),:K,Fe(CN),in M/s: 
M/s0, 20 c.c. of M/50-K,Fe(CN), should be equal to 2 c.c. of M/s thorium nitrate 
according to the same equation. ‘The results in the tables I-III) show a very striking 
coincidence of the observed and the theoretical volumes of K,Fe(CN), that should be 
required according to the foregoing equation. Both conductometric and potentiometric 
titrations give an unquestionable evidence that the composition of thorium ferrocyanide 
complex is represented by the formula ThFe (CN),. It is interesting to note that unlike 
other metallic ferrocyanide, effect of dilution on the composition of thorium ferrocyanide 
is nil. The uniformity of the composition of thoiium ferrocyanide obtained by 
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conductometric and potentiometri¢ titrations at different concentrations of the reacting 
solutions clearly suggests that thorium ferrocyanide is a very stable compound of 
non-colloidal nature and that it is least affected by hydroiysis and adsorption. 


FIG, 4. 


My, Kafe On) ond ™%. Troy, 


Curve 1(9@uEOuUs = as Curve 3 (207% mcoAm) 
| 

Curve 2(107 ALcomm) | 
uo 















a 
as 
nD 
2 
re) 
2 | 
a a} 
s | | 
a 
2 ao} | | 
$ i | | 
WwW "| ? | 
| | 
” 
n ' 


. 








ee tiny 
2 3 4 5 ce 


> c« Oo i 


MY, Ks Fen), ADDED 


Both in conductometric and potentiometric titrations the point of equivalence 
obtained in aqueous solution is equally as good as in alcoholic solution up to 10%, on 
further addition of alcohol the equivalence point comes slightly lower than the theore- 
tical amount of the titre required. The results obtained both in the direct and the 
reverse titrations are practically the same as the theoretical value. 
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STUDIES ON RICE HUSK, BETELNUT HUSK AND BAMBOU LIGNINS. 
PART II. NITROLIGNINS 


By M. ErFAn Aut AND M. H. KHUNDKAR 


Nitration cf isolated lignins from rice husk, betelnut husk and bamboo with nitric acid in acetic 
anhydride soluticn has been effected. It has been possible to obtain in every case, three different 
fractions of the nitrolignins: (i). insojuble in concentrated nitric acid but soluble in methyl alcohol, (ii) 
insoluble in both concentrated nitric acid and methyl alcohol, and (iti) soluble in concentrated 
nitric acid, but it separates out on dilution. The three different fractions have different colour and 
they differ in the extent of nitration (also in elementary composition). The overall yield of the 
nitration product was nearly 30% in all cases, the major fraction being (i). Nitration does not take 
place in the aliphatic chain, but seems to be substituting in the benzene nucleus. 


Oeman (B.P. 103, 651/1917) showed for the first time that by the oxidation of 
bisulphite liquor with dilute nitric acid a substance containing nitrogen could be 
precipitated. A nitro derivative of lignosulphonic acid was later isolated by Dorée and 
Hall (J. Soc. Chem. Ind., 1924, 48, 257T) as an orange powder having the compositicn 
C.s6H;,0,sN;2. Relatively more work has been done on the preparation of nitro deriva- 
tives from isolated lignins. ‘Thus, Fischer and Tropsch (Ges. Abhandl. Kent. Kohle, 
1921, 6, 279) obtained an orange coloured product by treating the Willsitter lignin with 
5N aqueous nitric acid, initially in the cold, but completing the substitution at a higher 
temperature. The product was soluble in alcohol. On passing hydrochloric acid gas 
through the solution, a yellow coloured product was obtained having the composition, 
C.2Hs;02.N;. Powell and Whittakar (J. Chem. Soc., 1924, 125, 357) treated alkali 
flax lignin with a mixture of concentrated nitric and sulphuric acids at o°, and obtained 
a red nitro compound, soluble in both alcohol and acetone, and having a composition, 
C,,H,,0,,N;. According to Freudenberg and Durr ‘Ber., 1930, 63B, 2713), lignin 
reacts very rapidly with nitrogen divoxide with the release of methyl alcohol. They 
postulated that the nitro product would be a mixture of three different compounds 
formed in the various stages of nitration. ‘They did not, however, isolate the three 
different fractions assuch. That the nitrolignin is inhomogeneous in character was also 
observed by Sarkar ‘this Journal, 1934, 11, 407) in the case of the Willstatter jute lignin. 
In the present investigation, isolated Willstétter lignins from rice husk, betelnut husk 
and bamboo (ibid., 1953, 30, 551) were used as starting materials. Nitration was 
carried out with a mixture of nitric acid in acetic anhydride. It has been possible 
to isolate the nitro product in three different fractions that have different colour and 
composition. 

EXPERIMENTAL 

The nitrating solution was prepared by diluting nitric acid (d 1.42) with acetic 
anhydride, and the latter also functioning as a dehydrant. Equal volumes of nitric 
acid and acetic anhydride were separately cooled in « freezing mixture (ice and common 
salt). The nitric acid was then added to the acetic anhydride iv small proportions with 
stirring. 
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Nitration.—The lignin preparation (20 g., approx.) was taken in a two-litre beaker 
and placed in the freezing mixture bath. The nitrating solution (1 litre) was then 
added after being cooled, to the lignin in 100 c.c. proportions with continuous stirring. 
When the addition was complete, the beaker was warmed to 30° 35° for about 15 
minutes. The product was then filtered through a sintered crucible and the residue 
washed with a little original nitrating solution. 

The filtrate on being diluted with water to a total volume of about 3 litres, gave a 
precipitate . which was washed with water and finally with ether (in which it was 
insoluble) to free it from nitric and acetic acid contaminations. This was the yellow 
fraction, and designated as Fraction No. III. 

The main bulk of the nitrolignin, obtained as an insoluble material in the original 
nitrating solution, was dissolved in ammonia (1 +1, v/v) solution and any small residual 
matter on the sintered crucible, discarded. From this, the nitrolignin was precipitated 
with HCl. The product was then fractionated to a deep brown methyl! alcohol-soluble 
fraction (Fraction No. I) and another methyl alcohol-insoluble fraction (Fraction No. 
Il). This was brown (lighter than Fraction No. I) in colour. The method of isolation 
has also been schematically shown below : 


(Original Lignin 
| 


Nitration 





[Residue | ee | Solution | 
Ammonia (1+1, v/v) treatment Dilution with water 
| Solution | | Precipitate | 
Acidification, HC] Yellow nitro product 
(Fraction No. ITT) 
| Preicpitate | 
! 
+ 


Treatment with methv! alcohol 


| Residue | | Solution | 
Brown | 


Fraction No. II v 
Dilution with water 


| 


| Precipitate | 


(Deep brown product, Fraction No.]) 


Test for Nitric Acid Ester in the Products.—It may be expected, and in fact noted 
by Fischer and ‘Tropsch (loc. cit.), that some nitrogen may be present as nitrate (ali- 
phatic ester). Test for this was therefore carried out in all the samples as follows: 
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The nitro product was refluxed for two hours with 10% alcoholic caustic potash solution 
after which it was diluted and acidified with a small amount of suiphuric acid. The 
precipitate was filtered off. ‘The filtrate was concentrated to a small volume and the 
solution was then tested with diphenyl reagent for nitrate ester. In all cases, however, 
a negative result was obtained. This indicated the absence of any nitrate nitrogen. 
Vields of different nitrolignin fractions as well as ash contents of these samples are 


recorded in Table I. 


TABLE | 
Rice husk. Betelnut husk. Bamboo. 
Fraction Ash Vield. Total Ash Yield Total Ash Vield. Total 
No Colour. content. yield. content. vield. content vield, 
I Deep brown 15% 168% 29.5 % 2.7% 16.1% 29.2 % 12% 10.2% 32.4% 
II Brown 0.2 5-3 1.7 4.0 0.5 3.5 
III Yellow 0.5 7.4 18 9.1 0.2 9.6 


DISCUSSION 


It is interesting to observe that in all cases the yield is highest in the first fraction 
and iowest in the second. Further, the total yield as well as the colour of the different 
fractions, seems to be independent of the source. 

Carbon, hydrogen and nitrogen (Kjeldahl) determinations were carried out in 
duplicate with utmcst care on all samples. ‘Lhe results are recorded in Table II. Values 
for oxygen are calculated by difference. From the results, a minimal molecular formula 
has been calculated for each fraction of nitrolignin, based upon the assumption that a 
single nitrogen atom is present in the molecule. ‘This, of course, is not being suggested 
to be the true molecular formula. Calculations have been made on the basis of the 
ash-free nitrolignin. 

TABLE II 


Elementary composition of the three nitrolignin fractions from Willstadtter lignins. 


Source. Fraction. % Carbon. % H. %N. % O. Minimal 
No. formula. 
Rice husk I 39.2 2.4 9.2 19.0 C;H,O:N 
II 45.0 3-6 5.0 46 4 CygHpOgN 
III 46.6 3.2 4:3 45-9 CigH ,gOgN 
Betelnut husk I 43.1 3.9 7-5 45.4 C7H70;N 
II 50.0 4.8 4-5 407 Cy3H50,N 
III 510 5.1 3-5 40.4 Ci7H yOigN 
Bambvoo I 44-5 3-7 6.5 45-3 CgHgOgN 
II 51.6 4-0 3-5 40.9 Cy7HygOi9N 
III 52.8 4-4 2.6 40 2 Cy3Hy30)3 N 


The different nitrolignin fractions differ in elementary composition. The degree 
of nitration is maximum in the first fraction (insoluble in the nitrating solution, but 
soluble in methy] alcohol), and decreases through the second to the third. The same 
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order is maintained in nitrolignins from all the sources, but the extent of nitration in 
the various samples varies considerably. Under identical conditions of experiment, 
the ease of nitration decreases from rice husk to betelnut husk to bamboo. A more 
quantitative picture of the difference can be had from the ratio of the carbon atoms (in 
the minimal formula) in the first, second and third fractions. ‘Lhey are respectively 
1.0:2.0:2.6 for rice husk, 1.0:1.9: 2.4 for betelnut husk and 1.0:2.1: 2.9 for bamboo 
nitrolignins. 


It is further to be noted that there is a general maintenance of a ratio of nearly 
1:1 in the number of carbon and hydrogen atoms of the various fractions, indicating 
the existence of benzenvid structure in these compounds, and the original preparations 
as such. 
DEPARTMENT OF CHEMISTRY, 
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STUDIES ON RICE HUSK, BETELNUT HUSK AND BAMBOO LIGNINS. 
PART III. OXALIC ACID FROM LIGNIN 


By M. Erran ALI AND M. H. KHUNDKAR 


Willstatter lignin preparations from rice husk, betelnut husk and bamboo were oxidised with nicric 
acid of different concentrations to oxalic acid and effects of the presence of a number of inorganic salts 
studied. Incorporations of silver and nickel mtrates did not influence the yield, whereas mercuric 
and cobalt nitrates rather lowered it. Best yields were obtained with cupric nitrate, while titanium 
sulphate and thorium nitrate followed it in order. 


In all cases maximum yields were obtained with nitric acid of concentration 14 to 16N; higher 
concentrations of the acid decreased the yield strikingly excepting in the case of copper nitrate where 
tke rate of decrease was less prominent. With nitricacid alone, maximum yields were 46.2 % (with 
16 N acid) for rice husk and 33.3 % and 33.7 % (with 14 N acid) for betelnut husk and bamboo lignins 
respectively. With copper nitrate, corresponding yields were 57.0, 44.4 and 453% (16N acid in 
all cases) respectively for the sources. 


Lignin is rather susceptible to oxidation. Even under mild conditions, disruption 
of the molecule takes place and simple products are formed. Oxalic acid is invariably 
one of the products of such degradation through ozone, hydrogen peroxide etc. With 
nitric acid, under mild conditions nitro compounds are formed, while with strong reagent, 
oxalic acid is the product (Dorée and Hall, J. Soc. Chem. Ind., 1924, 48, 2577 ; 
Rassow and Zickmann, J. prakt. Chem., 1929, 128, 127 ; Horn, Brennstoff-Chem., 19209, 
10, 364). By oxidising jute lignin with fuming nitric acid, Sarkar obtained oxalic acid 
in 38.0% yields (cf. this Journal, 1934, 11, 407). An objective approach for the manufac- 
ture of oxalic acid froin isolated lignins and lignosulphonic acid through nitric acid 
oxidation was given by Kalb, Plessmann and Lorenz (Papier Fabrik, 1938, 86, ‘Tech. T1., 
453). Vields of oxalic acid obtained were 46.5 to 48.7 % by the muiti-stage nitric acid 
treatment and a 10 % increase was also observed by the use of copper nitrate as the incor- 
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porate. In the present investigation, isolated Willstétter lignins (Part I, this Journal, 
1953, 30, 551) from rice husk, betelnut husk and bamboo were similarly treated with 
nitric acid of different concentrations and effects of a number of inorganic salts were 
observed in respect of the yield of oxalic acid. 


EXPERIMENTAL 


Oxidation was carried out in a 250c.c. r-b. flask fitted with an upright condenser 
through ground joints. Lignin samples were dried at 80° and kept in a vacuum 
desiccator as stock samples (for details vide Part I, loc. cit.). Lignin (1.0 g.) 
was accurately weighed in the flask and rooc.c. of nitric acid of desired concen- 
tration added to it slowly with stirring. Nitrous fumes evolved and escaped 
through the top of the condenser. The mass was heated to boiling over a water- 
bath for an optimum time, found out by preliminary experiments. After the heating 
period, the product was cooled, diluted with water and filtered. The filtrate was made 
alkaline with dilute ammonia (1 +2, v/v) solution. Now, it was again made slightly 
acidic with hydrochloric acid, heated to boiling and calcium chloride solution added in 
slight excess. It was finally neutralised with ammonia when calcium oxalate was pre- 
cipitated. Oxalic acid was estimated in aliquot in the usual way. 


With titanium sulphate, silver, mercury, cobalt and nickel nitrates, 0.50 g. of the 
respective items was employed and oxidation carried out in the way descried above. 
From the filtrate these metal ions were separated (Ti as TiO,; Ag as AgCl; Hg, Co and 
Ni as their sulphide) by standard methods, prior to precipitation of calcium oxalate. 
In the case of thorium, the oxalic acid was precipitated as thorium oxalate and weighed 
as ThO, after ignition. In the case of copper nitrate, a greenish solid was formed 
during the course of oxidation which finally did not dissolve even on dilution. It, 
however, dissolved in excess of ammonia. This was neutralised with hydrochloric acid 
and the calcium oxalate precipitated in the usual way. 


Direct evidence for the formation of oxalic acid was also obtained. The white 
precipitate from calcium chloride solution was treated with dilute sulphuric acid in 
slight excess. Froin the resulting solution, oxalic acid was eatracted with ethyl alcohol. 
Finally the product was purified by crystallisation from water. The dried crystals 
melted at 101°, and mixed m.p. with Analar grade oxalic acid also gave the same m. p. 
The crystals were heated with a little dilute H,SO, and a drop or two of KMuQ, solution 
when the colour was discharged. The original calcium salt also on similar 
treatment discharged the colour of the K MnQ, solution. 


DIiscussIONnN 


Preliminary investigations on the oxidation of the various lignin samples with con- 
centrated (16 N) nitric acid alone, without any incorporate, indicated that the duration 
of oxidation had some effect on the yield of oxalic acid. A typical set of results is 
shown in Table I. 
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TABLE I 


Effect of time of oxidation on the yield of oxalic a:id from rice husk lignin 
with 16 N nitric acid. 


Weight of lignin taken = 0.509 g. 


Duration of Vol. of 0.07796 N- Yield of oxalic 
oxidation. KMn0, required. acid (anhydrous). 
1.0 hr. 31.§ ¢.c. 40.3 % 

1.5 33.8 43.2 
2.0 30.2 38.6 


With other varieties of lignin results were more or Jess of a similar nature. In view 
of the above observations, in all the following experiments, the duration was kept at 
1.5 hours, 


The investigation particularly included a large number of incorporates. All these 
were first studied in conjunction with 16 N nitric acid (d 1.42) and only in cases where 
favourable effects were noted, experiments were extended with other concentrations of 
nitric acid. This was true of copper and thorium nitrates and titanium sulphate. 
Results with other salts are shown in Table II. 


TABLE IT 


Yield of oxalic acid obtained by nitric acid ‘d 1.42) oxidation of various 
Willstatter lignins. 


Wt. of lignin taken = 1.00 g. Duration of oxidation =1} hours. 
Source of lignin. Yield (% by wt.) of oxalic acid with different incorporates 
None. AgNO. Ni(NO})p. Hg(NOj)3. Co(NO3)3. 
Rice husk 42.6 41.6 42.1 38.5 34-3 
Betelnut husk 29.6 29.6 28.9 27.7 25.1 
Bamboo 29.7 29.6 29.8 28.9 26.1 


Yields have been calculated on the basis uf ash- and contamination- free lignins and 
the amount of oxalic acid as the anhydrous product. When the above table is examined 
along horizontal lines, no appreciable difference will be noticed except the retarding 
influence of cobalt nitrate and to a lesser extent that of mercuric nitrate. The sequence 
is maintained with all the different sources of lignin. Comparison of data along vertical 
columns would point to negligible difference between the yields of oxalic acid from 
betelnut husk and bamboo, but with rice husk the yield is considerably higher. It is 
thus concluded that silver and nickel nitrates are without any effect on the oxidation 
of lignin with nitric acid, whereas mercuric and cobalt nitrates have unfavourable 
influence on the yields of oxalic acid. Detailed studies were not undertaken with any 
of these salts. 
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Studies with Copper, Thorium and Titanium Salts under Different Acid Contentration 


Favourable effects were observed with these salts (titanium as sulphate and others 
as their nitrates) in the preliminary experiinents and therefore detailed study was under- 
taken on the effects of these salts with different acid concentrations ranging from ro 
to 16 N, and further with fuming nitric acid up to 20 N. Yields obtained in the 
different cases are recorded in Table III. 


TABLE III 
Lignin taken = 1.00 g. Inorganic salt taken = © 50 g. 
HNQ, taken = 100 c.c. Duration of oxidation = 14 hours. 


Percentage yield with different concentrations of nitric acid. 


Sources Incorporate. 10 N I2N 14N 16 N. 18'N. 20 N. 
of lignin. 

Rice husk None 30.4 33.2 37.0 42.7 11.6 10.9 

Cu(NOs3!2 29.8 34.0 46.9 57.0 45.8 44-4 

Ti(SO4)¢ 321 39-4 48.9 48.0 10.0 10.3 

Th(NOs «4 32.0 38 8 43-1 45-6 11.5 11.0 

Betelnut husk None 29.2 33-0 33-3 29.6 12.0 10.6 

Cu(NO>)9 29.0 32.3 36.4 44-4 40 3 40.0 

Ti(SO,4), 30.7 40 1 39-5 33 6 12.5 11.0 

Th(NO,)4 30.1 335 332 322 II.9 10.5 

Barnboo None 792 33-0 33-7 29.7 11.9 10.1 

Cu(NOs', 29.1 33-5 36.9 453 41.2 39-4 

Ti(SO4). 29.9 420 40 4 33.8 12.0 11.5 

Th(NOs)4 30.9 34.0 33-6 33-2 IT.0 10.4 


In the case of rice husk with nitric acid alone, the yield of oxalic acid increases 
with concentration of nitric acid employed and goes to a maximum for 16N concen- 
tration. Further increase in the concentration of the acid very sharply decreases the 
yield of oxalic acid to a low value and becomes steady there. The same behaviour is 
also observed in the presence of thorium nitrate and titanium sulphate; but slightly 
higher yields are obtained at the maximum (corresponding to 16 N acid concentration). 
The increase in the yield of oxalic acid is most prominent in the presence of copper 
nitrate which also shows a maximum corresponding to the nitric acid concentration 
of 16 N, 57.0 % of oxalic acid being obtained. ‘The most interesting feature to note is 
that beyond this concentration of nitric acid, the acid concentration is not so critical 
in presence of copper nitrate, the yield of oxalic acid only slowly decreasing with 
increasing concentration of nitric acid after this stage. 

The behaviour of betelnut husk and bamboo lignin oxidation shows close reseinblance 
to each other, but differs remarkably from that of rice husk. Oxidation with nitric acid 
alone gives a maximum yield somewhat ata nitric acid concentration of 12N after 
which the yield slowly decreases up to 16 N acid concentration, and afterwards 
decreases very sharply. ‘The same behaviour is also shown in the presence of thorium 
nitrate and titanium sulphate. ‘The effect of titanium sulphate is definitely more 
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pronounced than that with the rice husk lignin. On the contrary, the effect of copper 
nitrate continues to be the same as with the rice husk lignin, that is, it increases uni- 
formly with increasing acid concentration, goes to a maximum (44.4% oxalic acid for 
betelnut husk and 45.3% for bamboo lignins respectively), for 16 N nitric acid, after 
which it decreases siowly. On the whole, yields are slightly lower in the case af betel- 
nut husk and bamboo lignins than in the case of rice husk lignin. 


The lower yield of oxalic acid through oxidation with fuming nitric acid (acid 
having higher concentration than 16 N) may be due to the decompusition of a portion 
of oxali> acid to carbon dioxide under these conditions. ‘Two sets of experiments were 
thus carried out with pure oxalic acid. In one set the effect of boiling with nitric 
acid (alone) of different concentrations under conditions identical with those for the 
foregoing experiments were noted. In the other set the influence of copper nitrate 
on such decompositions were noted. 


TABLE 1V 


Influence of copper nitrate on the decomposition of pure oxalic acid by nitric 
acid of diff. conc. 


HNO, taken = 1ooc.c. Duration of oxidation = 14 hours. 


Cu(NOs3)3 taken = 1.0 g. 


Cu(NQ ), taken =nil. 


HNO;. (COOH),2H,O o.1N-KMnOQ, % Oxalic ac.d. (COOH),.2H,O. o.1N-KMn0y %Oxalic a-id. 
reqd. after decomposed. reqd. atter decomposed. 
reaction. reaction. 
10 N 0.3186 g. 487 cc. 3.8 © 3326 g. 43.5c ¢. 17.6 
12 © 3034 445 7-6 © 3245 35 5 31.1 
14 0.3034 44.2 8.3 0 3026 313 34.9 
- 16 0.3102 443 10.1 0.3990 22.0 552 
20 0.3028 43 5 9-5 0.3062 109 776 
It can be seen (Table IV) that under conditions of experiments, considerable 


proportion! of oxalic acid is decomposed. The extent of decomposition increases with 
increasing concentration of the nitric acid employed, rather rapidly beyond a concentra- 
tion of about 14 N. ‘The variation of the actual yield of oxalic acid from lignin (Table 
III) can be explained by taking it (yield) to be the result of two effects: (?) Formation 
of oxalic acid from lignin, which increases with increasing nitric acid concentration 
and reaches a maximum at a certain stage (14-16 N) and (ii) the decomposition of 
oxalic acid formed. 

In presence of copper nitrate a greenish insoluble copper oxalate precipitate was 
formed during the course of reaction. The removal of oxalic acid as an insoluble _ solid 
phase would thus offer the least opportunity of its secondary degradation, which is 
responsible for higher yields in such cases. This view is confirmed by results of the 


first set of experiments in Table IV. The maximum decomposition (for fuming nitric 
acid} in presence of copper nitrate’ is approximately 9.0%, whereas under exactly 
similar conditions, the decomposition went to 77.5 % in its absence, 
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Best results were obtained so far with copper nitrate incorporate and with HNO, 
of 16 N, and under these conditions the following yields of oxalic acid were obtained : 
57.0% from rice husk lignin, 44.4% from betelnut husk lignin, and 45.3% from 
bamboo lignin, respectively. 

DEPARTMENT OF CHEMISTRY, 


UNIVERSITY OF Dacca, Received June 26, 1953. 
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STUDIES ON THE BEHAVIOUR OF BI-UNIVALENT SALTS IN AQUEOUS 
‘ SOLUTION. PART IX. CADMIUM PERCHLORATE 


By P. K. JENA AND B. PRASAD 


The KE. M. F. of the following types of cell: 
(a) HgyCdx | Cd(ClO,), || salt bridge |! Ca(C1O,)y | CdsHgy 
C ’ Cy 


(b) HgyCd= | Cd(ClO,4), | Cd\ClO,), | Cds Hgy 

QQ Cy 

(where HgyCdx represents a two-phase amalgam of cadmium and mercury), was measured at a number 

of concentrations of cadmium perchlorate From the E.M F. measurement of the cell (a) cadmium 

perchlorate appears to be completely dissociated in aqueous solution up to a concentration of 0.1 M. 

From the study of the cells of the type (b), the transport number of ClO,” in cadmium perchlorate was 

calculated which was found to be 0.595. The fact that transport number does uot change appreciably 
is also in favour of complete dissociation of cadmium perchlorate. 


Previously it was attempted to interpret the behaviour of a number of bi-univalent 
salts in aqueous solutions by potentiometric method with varying degrees of success 
(vide previous papers of this series, published in this Journal). ‘This piece of work is a 
continuation in the same line. 


EXPERIMENTAL 


Cadmium amalgam containing about 11-12% of cadmium, prepared by dissolving 
extra pure cadmium metal in redistilled mercury, was used. A stock solution of cad- 
mium perchlorate was made by dissolving excess of extra pure cadmium carbonate in 
G. R. perchloric acid. The excess of carbonate was filtered off. The strength of the 
solution was determined gravimetrically by precipitating cadmium as its oxine ‘Vogel, 
“Quantitative Analysis’, p. 456). Other solutions were prepared by diluting the 
stock solution, the strength of which was checked from time to time. 


The cell vessels and the bridge were of the type used previously (this Journal, 1951, 
28, 633). Half cells having the same amalgam and the same solution were checked as 
before and the same principles of rejection of half cells, as reported earlier (this Journal, 
1953, 30, 217) was followed. Two half elements of different concentrations, checked 
as mentioned above, were joined through a salt bridge and the E.M.F. was measured. 
Each experiment was done in duplicate and the duplicates agreed within 0.2 mv. 
Saturated ammonium nitrate and saturated potassium chloride solutions were used 
separately as bridge solutions. All the experiments were carried out at 35°. The 
k,,M.F. values are recorded in Table I. 
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Tasie I 
Molar E.M F. in mv EM.F. Diff, of Molar E.M.F. in mv E.M.F. Diff. of 
conc. using the bridge (cale.:* E.M.F, conc. using the bridge (calc.)* E.M.F, in 
soln. as in columns soln. as col. 3 & 4. 
KCl. NH,NO;. 3 and 4. KCl. NH,NO; 
0.01-C.02 8.9 7.0 6.7mv 0.3 mv 0.04-0.06 ae 4-3 3.6mv 0.7 mv 
0.01-0.04 17.6 14.2 13-3 0.9 0.04-0:08 9.7 74 6.3 1.1 
0.01-0.06 22.3 179 16.9 1.0 0.04-0.19 ie 9-9 8.5 1.4 
0.01-0.08 271 20.5 19.6 09 
0.01-0.10 : 22.9 21.9 1.0 0.06-0.08 soo 3.2 2.7 0.3 
© 06-0.10 ii 5-7 4.9 6.8 
0.02-0.04 9.2 ¥: 6.7 0.4 
0.02-0.06 oes 11.4 10.3 1.1 
0.02-0.08 18.2 143 13.0 1.3 0.08-0.10 one 2.4 2.2 0.2 
0.02-0 10 16.4 15.2 1.2 
‘ RT Cif 
* d E= — lg. 
Calculate oF og Cofs 


For the study of the cells of the type : 
HgyCdx | Cd(ClO,), | Cd(ClO,), | Cds Hgy 
C; 2 
the half elements were filled as in the above case. They were joined through a ‘U’ . tube 
(of the type shown in Fig. 1, this Jour, al, 1951, 28, 683). The stopper in the left hand 
limb of the ‘U’ tube was always kept open. ‘The left hand limb and the lower portion 
of the tube up to the stopper present in its right hand limb were filled with the solution 
of higher concentration and connected to the half cell containing the solution of higher 
concentration. ‘The stopper in the right hand limp of the ‘U’ tube was then closed 
and the portiun above it was filled with the solution of lower concentration and joined 
to the half element containing the same solution. The stopper was then opened and 
E.M.F. was measured. Each experiment was performed in duplicate. The E.M.F. 
values and the transport values are recorded in Table II. 


TABLE II 
Molar cone. Mean molar conc. E.M.F.  ¢° (trausport No. of ClO,>) 
0.01-< .02 0.015 12.9 mv 0.560 
0.02-0.04 0.030 12.9 « .589 
0.04-0 06 0.050 7.2 0.606 
0.06-0.08 0.070 5.2 0.612 
0.08-0 Io 0.090 4.2 0.608 


DiscUSSION 


The E.M.F. of the cells of the type : 
(a) HgyCdx | Cd(ClO,)s || salt bridge || Cd(ClO,) | Cds Hg, 


c 1 c 2 
can be represented by the equation, 
— we C,f 
E= ~~ log <1! 
2F ne Cafe 


where (, aud C, and /, and f, are the concentrations and the activity coefficients of the 
Cd’* ions in the two solutions. The activity coefficient of Cd** for a particular ionic 
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strength has been calculated in the same manner as was done in the case of cadmium 
nitrate (this Journal, 1953, 80, 217). Now having known the activity coefficients, f, and f., 
E has been calculated. ‘he calculated values of I: (civen i columns 4 & 8, Table I) do 
not differ much from those ‘given in columns 3 & 6, Table I) obtained by usiug saturated 
ammonium nitrate as the bridge solution. On the other hand, calculated E.M.F. values 
differ much from those values (shown in columns 2&4, Table 1) obtained by using 
saturated potassium chloride as the bridge solution. ‘The higher E.M.F. values, obtained 

by using saturated potassium chloride as the bridge solution, are most probably due 
to the complex-ion formation between the Cd** and Cl~ ions. Saturated ammonium 
nitrate but not saturated potassium chloride is the correct bridge solution to be used in 
the above cells. ‘This obtains further support from the study of the transport number of 
ClO,” ions in cadmium perchlorate solution with the cells of the type : 


(b) HgyCdx | Cd(ClO,), | Cd(ClO,), | Cds Hg, 


1 a 
The E.M.F. of the cells of this type is represented by 
E= 3. RT toy f= 
2 F a2 > 


where a,* and a,* are the mean activity of the cadniium perchlorate in the two solutions 
anJ i~ is the transport number of ClO,” ion. In this equation assumption of cadmium 
perchlorate to be completely dissociated up to 0.10 molar has been made. Then ¢~ has 
been calculated from the E.M.F. observed and the knowledge of the activity coefficient 
of cadmium perchlorate which has been assumed to be equal to that of barium nitrate: 
All the values of ¢~ are found to be constant within 0.2 excepting the value in case of 
(o.01-0.02) molar. The transport number has also been calculated from the ionic 
conductances of the $Cd** and ClO,” ions. The ionic condtictances of }Cd** and CIO,7 
are 61.37 and 82.93 respectively at 35°, as calculated from the available data of the 
ionic conductances at different temperatures {Landolt-Bornsteiu, Physical Constant 
Tables). ‘The value of ¢ as calculated comes out to be 0.575, whereas the mean i~ 


obtained in this work is 0.595. 

From these observations it appears that dissociation of cadmium perchlorate is 
complete at least over the range of concentrations studied here. 

One of the authors (P.K.J.) is thankful to the Govt. of India for a scholarship, 
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STUDIES ON THE BEHAVIOUR OF BI-UNIVALENT SALTS IN 
AQUEOUS SOLUTION. PART X. ZINC PERCHLORATE 


By S. C. SrrcarR AND B. PRASAD 


The E. M.F. of the following types of cells was studied at a number of concentrations : 
(a) ZnxHgy | Zn(C1O,) || salt bridge || Zn(ClOg, | ZnxHgy 
C Cy 


(b) ZnxHgy | Zn(ClO4),| Zn(C1Og) | ZnxHgy 
c C + 0,02 


The amalgam had 5-6% of zinc and had two phases. From the E.M.F. measurement of the cell (a), 
zinc perchlorate appears to be completely dissociated up to 01M. The mean transport numter 
calculated from the E.M.F. of the cell (b) is 0.595. The constancy in the values of transport number 
also indicates that the dissociation of zinc perchlorate is complete upto the range of concentrations 


studied. 
This cominunication is a continuation in the same line of work as attempted in 
previous parts of the series. 
ExPERIMENTAL 


Zinc amalgam, prepared by dissolving G.R. zinc pellets in redistilled mercury, was 
used for preparation of the cell. Zinc perchlorate was prepared by shaking excess of zinc 
carbonate in perchloric acid and finally warming the same on a water-bat in vacuum 
for driving out any dissolved carbon dioxide. This was filtered to remove excess zinc 
carbonate and was stocked. Zinc in the stock solution was estimated as ziuc ammonium 
phosphate (Vogel, “‘Quantitative Analysis’). All other solutions were prepared 
by dilution from the stock solution. The strength of the stock solution was checked 
from time to time. ; 

The cell vessels and the bridges were of the type as used previously (this Journal, 
1951, 28 683). Checking of the two half.cells having the same amalgam and the same 
solution and the general technique were the same as reported in Part IX of the series 
(this issue, p..480) and the duplicates invariably agreed within 0.2 mv. ‘The bridges used 
were saturated NH,NO,, saturated. KCl and agar-agar saturated with NH,NO,. All 
the experiments were carried out at 35°. The E.M.F. values are shown in Table I. 


TABLE I 
E.M.F. in m.y, with 
Concentration. agar agar E.M.F. Diff. in values 
C). Cy. sat. KCl sat. NH;NO3. bridge soln- (calc.). bet. columns. 
6 and 4. 
0,10 0.08 3.1 2.0 2.0 2.2 mv 0.2 
( 0.06 6.5 -2 5.3 4-9 03 
0.04 c.8 8.8 8.6 8.5 0.3 
0.02 15.5 14.3 14.5 15.2 0.9 
0.08 0.06 3-2 2.5 2.6 2.7 0.2 
0.04 7-3 6.5 6.4 6.3 0.2 
0,02 ne 12.0 12.5 13.0 0.4 
©.06 0.04 4.8 4.0 4.0 3.6 0.4 
0.02 ose 10.8 10.7 10.3 0.5 


0.44 0,02 8.2 6.9 6.8 6.7 0.2 
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For the study of the cell of type (b) 


ZnxHgy | Zn(ClO,). | Zn(ClO,), | ZnxHegy 
Cc C+0.02 


the half cells were filied as reported earlier. They were joined as described in part 
IX of this series (loc. cit.). 


DISCUSSION 


The E.M.F. of the cell of type (a) 
ZnxHg; | Bale || salt bridge |j Zn(ClO,), | ZnxHgy 
Cc 


. . . 3 . 3. . 
if the salt bridge is effective, is given by the same equation as stated in the case of 


cadmium perchlrate (Part XI, loc. cit.). 

The E. M. F. calculated from the equation is shown in column 6 of Table I. The cal- 
culated values of E. M. F. do not differ appreciably from the experimental values in case 
of saturated ammonium nitrate and agar-agar saturated with ammonium nitrate bridges. 
With saturated potassium chloride as the bridge solution, the experimental values are 
higher, which is most probably due to non-elimination of liquid junction as a result of the 
formation of complexes between Zn** and Cl~ ions at the boundary. With nitrate ion 
this tendency of complex formation is much less. ‘Therefore the elimination of liquid 
junction is effective to a greater extent with ammonium nitrate bridge than with potass- 
ium chloride bridge. Further evidence that dissociation of zinc perchlorate is complete 
is furnished by the determination of transport number of ClO,” ion from the cell of type 
(b), as stated above. 

The E.M.F. of this cell is given by 

“| @ Blin C,f,* 
E= . F t log Gye 
where C,, C, represent the concentrations and /f,*, f,* represent the mean activity 
coefficient of zinc perchlorate. The mean activity coefficient of zinc perchlorate has been 
assumed to be the same as that of barium nitrate at the same ionic strength. The trans- 
port number, calculated from the above equation, is found to be constant within o.r. 
The transport number of perchlorate ion (0.576) from the ionic conductance of Zn** ion 
and ClO," ion at 35° (tciog~ = 82.93 ; tzn++ = 61) taken from Landolt-Bornstein (Physical 
Constant Table and its supplements) is in agreement with the value (v.595) calculated 
from study of the above cell. 

The dissociation of zinc perchlorate appears to be complete over the range of con- 
centrations studied here. 

TaBLe II 
Conc. Mean conc. E.M.F. Transport No. 


0.03 13.I mv 0.601 

0.605 
0.63* 
0.581 


0.02-0.04 
0.04-0,06 0.05 7:2 
0.06-0.c8 0.07 54 
0.08-0 10 0.09 4.0 


Mean value of transport number-(excluding the one marked*) =0.595 
Transport number calculated from conductance =0.576 


One of the authors (S.C.S.) is thankful to the Govt. of India for a scholarship. 
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MOLECULAR STATE OF BENZYLCELLULOSE SOLUTION 


By HirgnpRA BuusAN Roy 


Coiling of benzylcellulose molecules in dilute chloroform solution and their association in dilute 
ethyl acetate solution are demonstrated by osmotic pressure and intrinsic viscosity measurements at 
different temperatures. Addition of small percentage of ethyl alcohol to the solvents reduces the intra- 
or intermolecular attracti.n of the ether molecules. An attempt has been made to demonstrate the 
flexibility of the benzyl ether molecules of relatively high molecular weight, from an idea obtained by 
measuring the axial ratio of the dissolved units. 


Measurements of osmotic pressure and intrinsic viscosity of polymer solutions 
furnish useful informations about the nature of the dissolved units in solution. With 
a view to having an insight into the molecular state of benzylcellulose in solution, 
osmometric and viscometric measurements with benzylcellulose in different solvent 
media and at different temperatures have been carried out. 


ExPERIMENTAL 


Measurements of the osmotic pressure and intrinsic viscosity of benzylcellulose, 
prepared from absorbent cotton, were carried out according tothe procedure outlined 
in a previous communication (Basu and Roy, J. Sci. Ind. Res., 1952, 11B, 94). 


Osmometric Studies 


It is well known that at extremely dilute solutions the osmotic pressure of a high 
polymer is given by the following equation, 


= = AC, + BC? a * we (3) 
or tiC; = A + BC, an a 


where x is the osmotic pressure, C, is the concentration of the polymer, and A and B are 
constants. Equation (2) shows that plot of 7/C, against C, is linear with a slope equal 
to B and with an intercept on 7/C, axis equal to A. The slope B is again given by 
the following equation, according to recent theoretical deduction of Huggins (J. Phys. 
Chem., 1942, 46, 151) and Flory (J. Amer. Chem. Soc., 1943, 65, 372). 


_ i att 8 ~ ak 
B Va: c B) :| (3) 


RT. (t-#] - wilhg 


Vids 


where V, is partial mola! volume of the solvent and d, is the partial specific density of 
solute, but in view of the uncertainty in the measurements of these quantities, ordinary 
spécific quantities are used in actual practice ; (—) is the entropy contribution origi- 
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nating from the interchange of the polymer segments with solvent molecules and «/T 
is the heat of dilution effect of the solution. £8 is connected with the way in which the 
segments of a long-chain molecule can be arranged if the chain assumes a randomly 
kinked configuration. Knowing other terms in the equation, the value of » (=8+«/T) 
can be calculated from the slope of s/C,—C, curves at a particular temperature. From 
theromodynamical considerations it can be shown that the value of m is dependent on 
the extent and nature of solvent-solute interaction. Thus, in a solvent with high solvent- 
solute interaction, the heat of dilution is negative and consequently the 7/C, — C, 
curve will have a positive slope. If, however, the solute-solute attraction exceeds the 
solvent-polymer attraction, i.e. in a poor solvent, the heat of dilution is positive and the 
slope of the curve is zero if * = (}—() or negative if the heat of dilution assumes a some- 
what larger positive value. In the latter case, the polymer-polymer interaction is very 
great and the solute molecules tend to coil up or associate. 

In the previous communication (loc. cit.) it was. observed that */C,—C, curves 
for benzylcellulose in chloroform had negative slopes. We have calculated the » value 
for the various fractions having different molecular weights and found them fairly cons- 
tant, as recorded in Table I. 


TABLE I 
Fraction oe I II Ill IV 
Slope x ro# oes 0.057 0.058 0.059 0.061 
u(30°) be 0.500041 0.500¢ 41 0.500042 0.5000. 4 


This is in conformity with the general observation with polymer-solution for which 
it has been found that » remains fairly constant in the homologous series of increasing 
molecular weights (Sookne et al., J. Res. Nat. Bur. Std., 1942, 29, 123). A negative 
slope means positive heat of dilution and bad solvent effect. In the dibenzyl derivative 
of cellulose there is on an average one free hydroxyl group per glucosidic nucleus. 
There will thus be some tendency for the inter- or intra-molecular hydrogen bond for- 
mation by association or by folding through these free hydroxyl groups in the molecules 
in non-polar solvents or in solvents which cannot solvate the free hydroxyl groups of 
the ether molecules aud suppress the inter- or intra-molecular association by shielding 
off the free hydroxyl groups. Consequently, there is a tendency for polymer-polymer 
interaction in such solvents, which may explain the negative slope of the 7/C,—C, 
curve in chloroform. 

It has recently been shown by Doty and co-workers (J. Phys: Coll. Chem., 1947, 
61, 52) that polar polymers such as cellulose acetate, ethylcellulose, polyvinyl chloride 
etc., in poor solvents show a considerable tendency to form aggregates even in very 
dilute solutions. In order to test whether benzylcellulose molecules are agglomerated 
in chloroform solution, osmotic pressure measureinents were carried out at two temper- 
atures (30° and 40° in a thermostat) in chloroform. The results are tabulated below. 

It may be observed from Table II and the corresponding graphs (Fig. 1.) 
that there is practically no change in the molecular weight value of benzyl ether due 
to a 10° rise in temperature, although the slope of the curves changes from a 





— 
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Tasie II 
Solvent =chloroform. 
Temp. Conc. fg./roo c.c ). /CyX 104. M.W. Me 

30° 0.600 9.36 

% 0.450 9-70 23,800 0.500041 

” 0.340 9.82 

40° 0.600 11.04 

a 0.450 10.68 24, 100 0.499867 

” 0.338 10.50 





sinall negative value to a small positive value within the same range of temperature. 
This can be explained if we assume that agglomeration is intramolecular; i.e. the mole- 
cules are coiled up in solution and on raising the temperature they are gradually 
unfolded owing to increased kinetic energy of the molecules. The result is somewhat 
different when we consider the case of ethyl acetate solution of the benzylether. The 
results of osmotic pressure measurement of benzylcellulose are summarised in Table IIT 


and the corresponding graphs are shown in Fig. 2. 


TaBie III 
Solvent =ethyl acetate. 
Temp. Conc. (g./100 c.c.) 2/CX 104, M.W. Me 
C)). 

30° 0.5630 6.61 

re 0.2815 6.53 33, 500 0.502323 
ie 0.1584 6.98 

40 0.5500 10,20 

= 0.4200 10.06 26, 200 0.499960 
na 0.3000 10,04 


It may be observed that a 10° rise in temperature not only changes the slopes of 
the z/C,—C, curves but also reduces the molecular weight of the ether. This we may 
explain as due to intermolecular agglomeration of the ether molecules in ethyl acetate 
solution. 

A number of thermodynamic constants, viz., entropy contribution and heat of dilu- 
tion, may be calculated from the values at different temperatures shown in the previous 
tables for chloroform and ethyl acetate solutions, by using the equation, 

Zz 

T 

which can be easily obtained from equation (4). The values calculated are shown in 
Table IV. 


p= B+ 


yal 
TasLe IV 
Solvent. 1/T x10," Me a. By 
(eal./mole). 
Chloroform 3-30 0.500041 
3-19 0.499857 1.58 0.494827 
Ethy] acetate 3.30 0.502323 


3-19 0.499960 2I 40 0.431703 
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The a-values obtained froin the solutions of chloroform and ethyl acetate a'so show 
that the agglomeration, be it intra-or inter-molecular, is much higher in ethyl acetate 
than in chloroform solution, as is evidenced from the much higher positive heat of mix- 
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TABLE V 
Solvent. Conc. a/CyX 104. M.W. Slope x 105. 
(CHCI3) (g./100 C.c.) 
(C9). 
0.0% Alcohol 6.0 9 36 
(30°) 4.5 9.70 23,800 — 218 
3-4 9.82 
0 5% Alcohol 80 9.88 
(30°) 6.0 10.00 24,000 - 06 
45 10.20 
1% Alcohol 80 10.40 
(30°) 60 10.40 24,000 — 0.0 
4-5 10.40 
1.5% Alcohol 80 10.80 
(30°) 6.0 10.50 24,100 — 0.93 
45 10.20 
1.5% Alcohol 8.0 9.30 
(40°) 6.0 9.86 24,100 — 0.78 
45 9-76 
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In order to test the agglomeration hypothesis more thoroughly, osmotic pressure 
measurements were extended to chloroform solutions containing low percentage of 
alcohol in the range of 0.5 to 1.5%. The results are summarised in Table V and 
the corresponing ~/C,— C, curves are shown in Figs. 3 and 1. 


It has been found that although at higher concentrations of alcohol, the benzyl 
ether is precipitated out of the solution, at a very low concentration of alcoho] the solu- 
bility of the ether is actually increased and extremely high molecular weight benzyl 
ether can be dissolved in chloroform only in presemce of alcohol. The slope of the 
x/C,—C, curve also shows that the presence of alcohol makes chloroform more or less a 
good solvent for benzylcellulose. At 0.5% alcohol, the negative value of the slope 
of z/C,—C, curve is reduced; at 1% alcohol, the slope is zero, while at 1.5% alcohol, 
the slope is positive. The molecular weight of the ether in these solvents was, however, 
identical with that in chloroform solution showing only a slight increasing tendency 
with an increase in alcohol concentration. This proves that although the soiute parti- 
cles tend to interact mutually in chloroform solution, and although the presence of 
alcohol reduces this agglomerating tendency, there is no definite intermolecular aggre- 
gate or micelle formation in this solvent. The study could not be extended to solu- 
tions containing higher percentage of alcohol, since above 5% alcohol, the membrane 
became parmeable to the ether molecules and no reliable results could be obtained. 


It may be observed that the positive slope of the */C.—C, curve (Table V) for 
benzylcelluluse in chloroform containing 1.5% alcohol changes to a small negative 
value due to a 10° rise in temperature. The result is rather peculiar, but can be under- 
stood if it is compared with the solubilisation of methylcellulose in cold water and its 
subsequent insolubilisation in hot water. The second phenomenon has been explained 
as due to solvation of methylcellulose with water at a low temperature (Heymann, Trans. 
Faraday Soc., 1935,°31, 846) and its subsequent desolvation due to increased thermal 
agitation at a high temperature. The present observations with benzylcellu!ose may 
also be explained as due to breadown of the solvated alcohol layer on benzylcellulose 
at higher temperature with the molecules taking up average coiled up structure in the 
alcohol—chloroform mixture. 


The results of osmotic pressure measurements with cthyl acetate solution containing 


1.5% alcohol at two different temperatures are summarised in Table VI and the corres- 
ponding graphs are shown in Fig. 2. 


TABLE VI 
Temp. Co. 2/Cyx 104. M. W. Slope x 103, 
(g./100 c.c.) 

30° 5 596 7.36 
4-197 7.72 28,602 — 2.6 
3.148 7:99 

40” 5-596 8.98 
4-197 9.04 26,900 - 0.6 


3.148 9.14 
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In this case not only the slope but also molecular weight of the dissolved units are 
lowered in presence of alcohol, and a 10°. rise in temperature depresses these quantities 
still further. This can be very easily explained by our previous picture of benzyl- 
cellulose in ethyl acetate. In presence of alcohol the aggregates are gradually broken 
down to molecular units owing to solvation of the ether molecules with alcohol. As the 
temperature is increased, the aggregates are broken down more and more, and _ the desoi- 
vation effect that has been observed in chloroform solution with 1.5% alcohol at 40°, 
becomes insignificant compared to the disintegration effect. 


Viscometric Studies 


The intrinsic viscosity is a function of the hydrodynamic volume units of the dis- 
sclved macromolecules, and a variation of the intrinsic viscosity in different solvents and 
at different temperatures is accompanied by the variation in the hydrodynamic volume 
units of the dissolved particles arising from intra- or inter-molecular association. Accor- 
ding to Alfrey, Bartovics and Mark (J. Amer. Chem. Soc., 1942, 64, 1667) in a bad 
solvent, the segments of a flexible macromolecule attract one another, leading to a coiling 
up of the molecules with the consequent intramolecular agglomeration. On the other 
hand, for a good solvent the solute molecules are surrounded by a solvent hull prevent- 
ing the contact between the segments of the same molecule, thereby maintaining an 
uncurled configuration of the dissolved molecules, This results in a higher intrinsic 
viscosity in good solvents and lower intrinsic viscosity in bad ones. Further, an 
increase in temperature causes the coiling up of the particles to approach an intermediate 
state, so that with a good solvent, the intrinsic viscosity decreases, while with poor ones 
it increases with increase in temperature. A good confirmation of the above theory 
and the effects predicted therefrom have been obtained by Alfrey et al. (loc cit.) in the 
case of rubber, polystyrene and cellulose acetate. 


If, on the other hand, the agglomeration of the solute particles in solution is inter- 
molecular, the above assumption will not hold good. In a good solvent in such case, 
the solute particles are less aggregated than in bad solvents, consequently intrinsic 
viscosity in a good solvent becomes less than that in a bad solvent, and an increase iu 
temperature diminishes the intrinsic viscosity in both cases owing to an increased ther- 
mal agitation and subsequent breakdown of the aggregated units to smaller particles, 

The results of viscosity measurements with solutions of benzylceliulose in different 
solvents and at different temperatures are summarised in Table VII. 


It may be observed from Table V11 that an increase in temperature increases 
the intrinsic viscosity of benzylcellulose in chloroform solution, which according to 
Mark’s contention may mean that the ether molecules are coiled up in solution and are 
gradually stretched out with increase in temperature. On the other hand, in ethyl 
acetate solution an increase in temperature diminishes the intrinsic viscosity, indicating 
that ethyl acetate is a better solvent for benzylcelluiose. It may also mean that there 
is some type of association of benzylcellulose in ethyl acetate which is subsequently 
broken down at a higher temperature. ‘The second explanation seems to be most plau- 
sible in the present case since it has been found that the molecular weight of benzyl- 
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cellulose from the osmotic pressure in ethyl acetate solution gives a much higher value 
than that obtained in chloroform solution, which can only be explained by assuming 
extensive aggregation of the ether molecules in ethyl acetate solution. 


TarLe VII 
Conc. of cellulose Nsp nsp/C (nl. 
ether ((). 
CHCl; soin at 25° 

1.00% 0 5705 0.5705 
0.50 0.2519 0.5038 0.4380 
025 0.1183 0.4732 

CHCI,; soln. at 35°. 
1.66 1.4840 0.8900 
0.83 0.6139 0.7300 0.5990 
0 42 0 2770 0.6700 

CHCl;—EtOH (1 5%) at 25°. 
o 80 0.4370 © 5470 
0 40 09,2110 0 §279 0.5020 
0.20 0.1230 0.5140 

CHC1;— EtOH (1.5%) at 35°. 
1.66 1.1964 0 7207 
0.83 0 5160 0.6217 0.5200 
0.42 0.2262 © 5700 : 

Ethyl acetate soln. at 25°. 

-00 0.5684 0.5684 

0.75 0.3871 ©.5160 0.4200 
0.56 0.2842 © 5048 

Ethy! acetate soln. at 35°. 
1.00 0.5200 0.5200 
0.75 0.3666 0.4888 0.3900 
0.56 0 2576 0.4600 

Ethyl acetate-alcchol (1%) at 25°. 
0.500 0 2454 0.4900 
0.375 0.1610 0.4290 0.2500 
0.281 0.1085 0.3860 


This point is further cleared up by the viscometric study of ether solutions in chloro- 
form and in ethyl acetate containing about 1.5% alcohol. - Alcohol molecules at low 
concentrations can solvate the free hydroxyl groups of the ether molecule and can thus 
improve the solvent character of chloroform or ethyl acetate, although at percentage 
composition of alcohol, the ether molecules are precipitated out of the solution. It is 
evident from the above table that the lowering of intrinsic viscosity in presence of alcohol 
is appreciable in ethyl acetate, which is evidently due to breakdown of the aggregated 
units into smaller ones in presence of alcohol. In the case of chloroform containing alcohol, 
the explanation seems to be rather difficult. As alcohol can solvate the ether molecules 
in chloroform, the particles are expected to be stretched out with the resultant increase 
in intrinsic viscosity, that is actually the case at 25°. At 35°, on the other hand, the 
intrinsic viscosity of alcohol-chloroform mixture, although higher than that at 25°, is 
somewhat lower than the intrinsic viscosity in chloroform at 35°. We may argue that 
since alcohol can form complexes with cellulose ether molecules, the actual hydro. 
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dynamic volume units are considerably changed in solution, and a comparison with un- 
solvated molecules becomes rather ill-defined since the coiling-uncoiling effect does not 
follow the identical course in both cases. It may, however, be added that in ethyl 
acetate solution also, alcohol can solvate the ether molecules, but the aggregation effect 
is so high in this case that the complex-formation effect is completely masked in vis- 


cometric study. 

There are, however, certain drawbacks in forming definite conclusions from the 
viscometric measurements. ‘The lowering of viscosity, that has been attributed to the 
disintegration of the aggregates, is valid only if the association of the molecules is of an 
end-to-end type. On the other hand, if the clusters be of the same average dimension 
as the individual molecules, owing to lateral adhesion of the molecules, the disintegra- 
tion of the clusters will not appreciably affect the viscosity of the solution, since it is the 
largest dimension which determines the intrinsic viscosity. It may therefore be con- 
cluded that the viscometric results obtained for chloroform and ethyl acetate solutions 
can furnish us with a definite conclusion only when analysed in conjunction with the 
results obtained from osmotic pressure and/or other measurements, as has been done in 
the present case. It may further be noted that although aggregated in ethyl acetate 
solution, the intrinsic viscosity of benzylcellulose in ethyl acetate is lower than that 
in chloroform (Tabie VII) in which the association is not appreciable. This observation 
most probably indicates that the aggregates are laminer, i.e. aggregation takes place 


by lateral adhesion of the molecules, which increases the breadth rather than the length 
of the hydrodynamic units. Such lateral adhesion of molecules are also expected from 
the structural consideration, since the aggregation of the molecules can taka place 
through intermolecular hydrogen bonding through unsubstituted hydroxyl groups with 
the resulting parallel arrangement of molecules. 


Flexibility of the Benzylcellulose Molecules in Dissolved State 


It is, however, necessary to demonstrate the existence of flexible molecules in solu- 
tion in order to make the vrevious explanations more or less unique. It is admitted 
that there is no absolute method of determining the flexibility of the molecules in solu- 
tion. All the methods employed for this purpose are inductive. One such method rests 
on the determination of axial ratio, t.e. the ratio of length to breadth of the dissolved 
units, from the viscometric study and comparing it with that theoretically deduced, 
assuming a rigid straight-chain structure for the dissolved molecules. 

By combining the equations deduced by Sakurda (Kolloid Z., 1934, 68, 2; 1933, 


62, 260) 
K = 2.5 — qs (a/b)? oes eee eco (5) 


where a = half axis major, b = half axis minor and K isa constant depending on the 
shape of the article. The value of K may be obtained from the slope of the 4p (specific 
viscosity) against CV/100 curves, where C is the concentration of the dissolved units in 
g- per 100 c.c. of the solvent and V 1s partial specific volume of the solute obtainable 
from the specific gravity of the solution (Basu, this Journal, 1947, 24, 148). ‘The axial 
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ratio of various sharply fractionated samples of benzylcellulose of known molecular 
weights are determined by substituting the values of slopes (K) in equation (5) obtained 
from 4p versus CV/1o0 curves. Results of viscosity meissurement in chloroform solu- 
tion of a number of sharp fractions of benzylcellulose of different molecular weights 
as also the values of axial ratios calculated therefrom are shown in Table VIII and the 


correspending 4» — CV/100 curves are shown in Fig. 4. 


Tasie VIII 


M.W. R! CV/100. 


40,300 (T) 7. 0.00486 
9—0243 
0.00122 
0 00777 
0. 0383 
0.00280 
20,000 (IIT) 58. 0.00800 
0.00600 
0.00435 
14,000 (IV) v8 0 01387 
Oo 00694 
0.00447 
0.01425 
0.00710 


0.00356 


TABLE IX 


Ratio of Theoretical Expt. length ratio 
fracticns. length ratio, (from axial ratio). 


I/V 4 30 1.60 
I1/V 2.95 

IIl/V 2.13 

IvV/V 1,50 


Ratio of the (a/b} values of the first four fractious with that of the last one may be 
compared with the theoretical length ratios, assuming rigid chains, from the values of 
degree of polymerisation and the length of the glucosidic units. These values are 


summarised in Table 1X. 
It may be observed that the theoretical value is always much higher than the 


experimental value, the deviation becoming greater, higher the differences in molecular 
weights. This can only mean that the length value experimentally determined is much 
less than that theoretically deduced, i.e. the molecules are coiled up in solution due to 
flexibility. This type of flexibility has also been observed by Badgley and Mark, for a 
number of cellulose acetate fractions in acetone solution (J. Phys. Coll. Chem., 


1947 51, 58). 
2—1851P—7 
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Thus we see that we are more or less justified in assuming that the osmotic and 

viscometric behaviour of the chloroform solution of an unfractionated sanple of benzyl- 

cellulose containing molecules of all sizes, are due to the flexibility of the ether chain 
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of relatively higher molecular weight. 
Thanks are due to Prof. Santi R Palit and Dr. Sadhan Basu for their kind interest 


and helpful suggestions. 
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STUDIES IN THERAPEUTICS. PART II 


By D. R. SRIDHAR AND K. S. NARANG 
Several thiazole derivatives have been prepared with a view to testing their physiological activity. 


Erienmeyer and co-workers (Helv. Chim. Acta, 1950, 38, 1271) have found that 
p-chloro, -bromo and -methyl derivatives of the three isomeric phenylthiazole (I, 1 & 
IIT) inhibit T.B. surface cultures. 








= 
R-€. )-C CH | | oe 
\s7 HC CH He c-€ S-R 
(I) . \g/ (II) \gZ 
[R = Cl, Br or Me] 
It would appear that the p-chloro-, -bromo- or -methylphenyl groups confer on the 
thiazole molecule a certain measure of pharmacodynamic properties which may be 


necessary for anti-T.B. activity. 
Promizole (1V) contains a free amino group iu position-2 and the group 


—0,s—¢€ S—NH, 


in position-s, the latter group may be playing a double role of being pharmacodynamic 
and at the same time as anti-metabolite to p-aminobenzoic acid which occurs in tubercle 





bacillus. 
it 
H.N—C C-S o.-€ S-nu 
N\gZ veal F 


(JV) 


Fox aud Gibas (J. Org. Chem., 1952, 17, 1653) have shown that 3-aminolsonicotinic 
ester (V) and isonicotinic acid hydrazide ‘VI) possess anti-T.B. activity of a high order. 


COOCH, CO.NH.NH, 
F a~ 
| | | | 
Ny/ Ny 
(V) (VI) 


Gardner et al. (ibid., 1951, 16, 1121) and Levaditi et al. (Compt. rend., 1951, 282, 
770) have synthesised nicutinic aldehyde thiosemicarbazone (VII) which has good anti- 
T.B. activity 
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Ss 
il 
“¢ ‘\_cH=N.NH—C—NH, 


XypF (VID 


Taking all the factors together it was considered appropriate to synthesise thiazoles 
of the foliowing types for testing their anti-T.B. act'vity. 


N——C—R ae ead S 
Il 
| | I] | N——C—CH=N.NH—C.NH. 
RHN—C CH RHN—C C—COR” | 
‘ s7 Ng ' 
r RHN—-C C—R’ 
(VIII) (IX) \gZ 
’ (X) 
(R = various basic side-chains. |R as in (VIII). 
-R’= Pheny] or substituted 4R’=H or other groups. i asin (VIII). 
( phenyl. (R”=alkyloxy or hydrazido R’ = various groups. 
groups. 


The present preliminary investigation records the syntheses of some compounds of 
structure (VIII) by condensing 2-bromoacetylamino-4-phenylthiazole (X1) with appro- 
priate secondary amines and aiso some derivatives of structure (IX) by condensing 
2-bromoacetylamino-4-methyl-5-carbethoxythiazole (XII) with various secondary amines. 
‘These condensation products on heating with hydrazine hydrate gave 2-amino-4-methy]- 
5-carbethoxythiazole by hydrolysis instead of the expected hydrazides. 


N—c—€_ > N—C—Me 


Br.CH,.CO.NH—C CH Br.CH,.CO.NH—C C—COOEt 
(X1) (X11) 


The amido and the basic groups in the side-chain in position-2 in the above 
coimpounds have been introduced to enhance the absorption of the drug in the system. 


The work is in progress. 
ExPERIMENTAL 


2-Bromoacetylamino-4-phenylthiazole (X1).— Bromoacetyl bromide (6g.) was 
slowly added during 15 minutes to a so'ution of 2-amino-4-phenylthiazole (5 g.)-in 
60 c.c. of dry benzene containing 2.2 c.c. of pyridine. After keeping it for 1 hour at 
ordinary temperature, benzene was allowed to evaporate. ‘The residue was triturated 
with water and the remaining solid crystallised from ethyl] alcohol in colorless needles, 
m.p. 179°, yield 4.5 g. (Found: N, 9.43. C,,HyON,BrS requires N, 9.43 per cent). 

2-Diethylamino-acetylamino-4-phenylthiazole (VII1, R’ = Ph; R=OC.CH,.NEt,). 
—A mixture of (XI; 1g.) and diethylamine (2M) in benzene (20 c.c.) was re- 
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fluxed for 3 hours. The solution was cooled and washed with water. The benzene 
layer was dried over sodium sulphate, filtered and the solvent removed. ‘The brownish 
residue was crystallised from petroleum ether, m.p. 82-83°, yield o.2g. Recrystallisa- 
tion from 50% alcohol and then from petroleum ether gave colorles needles, m.p. 88°. 
(Found : N, 14.30. C,;H,,ON,S requires N, 14.53 per cent). 


2-Piperidino-acetylamino-4-phenylthiazole (VIII) 


CH,—CH, 


(R = —OC.CH,.N CH,; R' = Ph) 


CH,—CH,”% 


It was obtained in the same way as the above, yield 0.3 g. from 1g. of (XI). 
Successive crystallisations from petroleum ether, ethy! alcohol and petroleum ether gave 
pale yellow needles, m.p. 134°. (Found: N, 14.30. C,,H,sON,S requires N, 13.95 per 
cent). 


2-Morpholino-acetylamino-4-phenylthiazole (VIII) 


CH.—CH, 
(R = —OC.CH,.NC »o >R’= Ph) 
CH.—CH, 


In the preparation of the morpliolino derivative, after refluxing the benzene solution 
for 3 hours, the morpholine hydrobromide was removed by filtration and the solvent 
distiiled off from the filtrate. The product crystallised from alcohol in pale yellow 
needles ; yield 0.7 g. from 1 g. of (XI), m.p. 140°. (Found: N, 13.70. C,;sH,,O.N,;S 
requires N, 13.86 per cent). 

(XI) on similar attempted condensation with diethanolamine gave 2-amino-4- 
phenylthiazole by hydrolysis. 


2-Phthalimido-acetylamino-2-phenylthiazole (VIII) 


CO 
(R = —OC.CH,.N CH; R/ = ph ) 
co 
Potassium phthalimide (1.25 g.) was added to hot alcoholic solution of (XI, 2 g.). 
After refluxing for 3 hours, the solvent was distilled off and the residue after trituration 
with water was crystallised from ethyl alcohol in colorless needles, m.p. 288-90°, yield 
1.60g. (Found: N, 11.20. Cj H,,;0;N;S requires N, 11.57 per cent). 
2-Bromoacetylamino-4-methyl-5-carbethoxythiazole (XII) was obtained in the same 
way as (XI) from 2-amino-4-methyl-5-carbethoxythiazole (Dodson and King, J. Amer. 
Chem. Soc., 1945, 67, 2242), pyridine and bromoacetyl bromide as colorless needles on 
crystallisation from alcohol, m.p. 177°; yield 0.4 g. from 1g. of the aminothiazole. 
(Found: N, 8.55. C,H,,V0;N.BrS requires N, 9.12 per cent). 
The following derivatives were prepared from (XII) by the method used in the 
preparation of (VIII) (R and R’ as cited above in morpholino compound), the yields 
being on the basis of 1 g. of (XII) used in each case. 
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Diethylamino Derivative : (IX, R = —OC.CH;.NEt, ; R’ = Me; R” = —COOEt). 
—Yield 0.35 g., m.p.yo° from petroleum ether. (Found: N, 14.40. (C,3H3,0,N,S 
requires N, 14.05 per cent). 

Piperidino Derivative (IX, R is same as in piperidino compound above; R’ = Me; 
R’= COOEt).—Colorless needles, m. p. 80-81° from petroleum ether, yield 0.35 g. 
(Found: N, 13.30. Ci4H..O;N,S requires N, 13.50 per cent). 

Morpholino Derivative (IX, R is same as in morpholino compound above ; R’ = Me ; 
R”’ = —COOEt).—Pale yellow needles, m.p. 145° from 30% ethyl alcohol, yield 0.77 g. 
(Found: N, 13.0. CisH,90,N;S requires N, 13.41 per cent). 

The compound (XII) on attempted condensation with diethanolamine gave 2-amino- 
4-inetheyl-5-carbethoxythiazole by hydrolysis. 

Attempied Syntheses of Hydrazides of the above three compounds,—2-Piperidino- 
acety lamino-4-methyl-5-carbethoxythiazole (1 g.) and hydrazine hydrate (2M) were 
refluxed in absolute alcohol (10 c.c.) for 4 hours. ‘The solvent was distilled off and the 
residue crystallised from water in fine white needles, m.p. 175-76°, undepressed on 
mixing with 2-amino-4-methyl-5-carbethoxythiazole. The dicthylamino and morpho- 
lino derivatives on attempted condensation with hydrazine hydrate also underwent the 

same hydrolysis. 
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HYDROLYSIS AND UTHER CHANGES IN FERRIC CHLORIDE SOLUTIONS 
By B. F. GyANI AND Miss RANr MISRA 


The changes taking place in the colour of concentrated or dilute ferric chloride solutions on storage 
over long periods have been investigated. A 0.295M ferric chloride reaches a maximum absorption in 
about 30 hours in the range 4890-5300 &. Then it falls again to a more or less steady value in about 
100 hours. ‘The changes are temperature-dependent. Dilute solutions (0.0007-0.02 M) usually undergo 
rapid hydrolysis producing a yellow colloid but the graphs of absorption against time do not bear a 
simple relation to concentration and are strongly affected by such factors as temperature, age of the 
stock solution from which the dilute solations are prepared, presence of products of hydrolysis and 
other external substances. It appears that changes in dilute solutions may be completely inhibited at 
any stage by cooling the solution undergoing hydrolysis, to about 5° or less. 


A good deal of work appears in the literature concerning hydrolysis of dilute ferric 
chloride in aqueous solutions before 1935. All of this work has been surveyed by Mellor 
(‘Comprehensive Treatise on Inorganic and Theoretical Chemistry’’, Vol. XIV, pp. 46, 
51 et seqg., Longman, Green & Co., London, 1935). Little work on the subject appeared 
subsequently. The availability of a Spekker absorptiometer has induced the authors to 
undertake some investigations in this field since this instrument can directly follow the 
progress of hydrolysis and is capable of a simpler and more accurate manipulation than 
was previously possible, particularly when the experiments had to be continued over 
long periods. 

Nature of a Concentrated Ferric Chloride Solution.—It will appear from the work 
presented below that two stock solutions of ferric chloride may be diluted with the result 
that although the concentrations of these dilute solutions may be substantially equal, 
they may differ greatly in hydrolytic behaviour. It is mecessary therefore to enquire 
about the nature of ferric chloride in a fairly concentrated solution (say of 0.3M). In 
the first instance, it is well known that ferric chloride may exist in as many as four hy- 
drated and one anhydrous form in aqueous solutions depending upon concentration and 
temperature (Mellor, ibid., p. 43). At a certain stage in this work, we noted that 
0.3 M of A.R. FeCl;,6H,O, which was orange when freshly prepared and stored at room 
temperature (say 30°), became feeble yellow on prolonged storage at 5°-7°. This and 
other similar results, discussed later, cannot inean that the salt is transformed into an- 
other hydrate, since the hexahydrate is still stable at the cryohydric temperature (-55°). 
It seems that without going into details one is forced to picture such a solution as made 
up of (i) some Fe** and Ci~ ions obtained_from the reaction 

FeCl, === Fe**+3Cl- 
and (ii) (FeCl,), with associated water of hydration, n being 1, 2 etc., and capable of 
having quite large values. One might then think that the colour of a concentrated 
solution is a function of the distribution of n for the given solution, this distribution 
being affected by such factors as concentration, temperature, addition of external 
substances, etc, 








500 B. P. GYANI AND RANI MISRA 


Thus, we found that 0.1 c.c. of glycerol added to 25c¢.c. of a ferric chloride solution 
containing 0.9584 g. of anhydrous salt per litre (0.00590 M) showed a decreased absorp- 
tion (measured as described later) as given below : 


Immediate. 3 Hours. 15 Hours. 
Absorption (blank) 0 120 0 170 0.170 
Absorption with glycerol 0.090 0.140 0.140 


These results show that the decreased colour cannot be ascribed to a depression in 
the degree of ionisation of the salt since the effect is not instantaneous. Asa matter of 
fact, there is hardly any evidence to show that the colour could be ascribed to the Fe** 
ion, since solutions of ferric chloride, ferric su'phate and ferric nitrate are quite different 
in colour. It may be noted that when conditions are appropriate, glycerol may restore 
colour to an otherwise colorless ferric chloride solution contrary to the present results, 
as observed by Byk and Jaffe (Z. physikal. Chem., 1909, 68, 323). 

The changes in absorption on cooling a fairly concentrated stock solution (0.2952 M) 
were again slow (Table I). The results again show that the changes which are 
responsible for changes in colour are unlikely to be simple. The changes are 
shown graphically in Fig. 7. It will be seen later that these changes are different from 
those occurring in dilute solutions. 

Hydrolysis in Dilute Solutions.—The earlier work is characterised by frequently 
contradictory results and yet more divergent views regarding the hydrolysis in dilute 
solutions in water. Goodwin followed the hydrolysis conductometrically with different 
low concentrations (0.200303-0.0024 M). The plot of electrical conductivity against 
time gave S-shaped graphs. The lowest concentrations gave the highest graphs. 
Goodwin divided the hydrolysis into two stages on the basis of these graphs: (i) primary, 
during which the rate of hydrolysis was low, and the hydrolysis was reversible with 
respect to temperature and concentration, and (ii) secondary, during which the hydrolysis 
was rapid and was influenced by the presence of external agents in addition to tempera- 
ture and concentration. Some workers regard this hydrolysis also as reversible when 


the process occurs slowly. 
TABLE I 
Variation of absorption with time and temperature. 


(Ilford filter 603 ; water = 1). 


Time. _, a". 32.5°. Time. -s at". a8.5. 
o hr. - 0.530 age 157 hr. 0.450 0 490 0 599 
12 0 471 0.542 0.630 181 0.440 0 510 0.620 
37 0.475 0.528 0.620 206 ae 0.485 0.594 
57 0.410 0.490 0.595 326 0.415 © 520 0.534 
85 0 410 0.490 0.592 447 0.425 0.490 0 §50 
133 Roe ae 0.590 528 0.550 0.550 out of 
(at 26°) scale 


According to Goodwin the chief process in primary hydrolysis is 
FeCl, + H,0 = Fe(OH)** +H* + 3C!l~. 
During the secondary hydrolysis the chief reaction is 
Fe(OH)** + 2H,O0 = Fe(OH), +2H*. 
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The initial flat portion in the graphs is due to the fact that colloidal nucleii (of ferric 
hydroxide) are required for the progress of secondary hydrolysis. 


On the other hand, Wagner does not distinguish between primary and secondary 
hydrolysis. He considers that ferric hydroxide in colloidal form is produced at once 
as soon as the solution is diluted to appropriate concentrations. The reason that the 
conductivity does not increase at once is that the liberated HCI is held by the colloidal 
particles formed and is released only when the particles coarsen in size. Giglio, Dhar, 
Malfitano, and others also appear to hold a substantially similar view, the chief reaction 
considered being Fe** —> Fe(OH)s, colloidal. 


Under these circumstances it is worthwhile to investigate the hydrolysis by a more 
direct method so as to be able to see whether one invariably obtains the same graphs 
as obtained by Goodwin. Since it appears fairly clear that the colour developed by an 
initially colorless dilute ferric chloride solution may be due to production of colloidal 
ferric hydroxide only, one can follow the hydrolysis directly by measuring the light 
absorption with a suitable filter on a sensitive absorptiometer. 


EXPERIMENTAL 


The Adam Hilger ‘Spekker’ absorptiometer (Model 760) was used throughout this 
work, The instrument was set to 1.000 with water using 1 cm. cells and the Ilford 
Spectruin Filter 602 (except where stated otherwise). A 0.00074 M solution on complete 
hydrolysis gave a Spekker reading of 0.18, i.e. 18% of the full scale. Since measurements 
may be made with certainty up to 0.01 on the scale, a solution so low in concentration 
as 0.00004 M could be definitely distinguished from water on this instrument. The 


results are not vitiated by absorption of carbon dioxide and other gases from the 
atmosphere as in the conductivity method. 


The fact that the absorption is strictly proportional to the colloidal content of the solu- 


Fic. 1 tion has satisfactorily been proved by preparing five 





solutions, equally spaced in respect of concentration, 
from the sol obtained by complete hydrolysis at about 
30° of a 0.0059 M ferric chloride solution, called ‘‘S’’, 
and measuring the absorption (=1—Spekker reading). 


The results are shown in Fig.1. The upper graph is 
for a colloidal solution which had been obtained by 
hydrolysis of the ferric chloride solution over a fortnight. 
The lower one is for a sol which had stood for ten 


months and from which some sedimentation of the 





very coarse particles had taken place. One gets a 








P CONCENT RATION 





as gS 88 § _ satisfactory straight line in each case, 
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Two stock solutions of ferric chloride were used in the work. One of them was 
at least 12 years old and had been stored in an ordinary reagent bottle (iron: chle 
rine = 1: 1.858 by weight against 1: 1.901 required for FeCl;). ‘The solution might have 
picked up some silica from the bottle. The stock contained 52.32 g. FeCl, per litre from 
which smaller concentrations 0.5232, 1.0464 etc. (0.003224 M, 0.006448 M etc.) were 
prepared and stored in ordinary glass-stoppered bottles. The hydrolysis of these 
diluted solutions was followed with time on the Spekker and the results are shown in 
Fig. 2. 
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One. notes that the curves by no means occur in the order of concentrations, With 
lower concentrations the hydrolysis starts immediately after dilution and then shifts up- 
wards almost uniformly as the concentration is increased from 0.0°0806 M to 0.003224 M. 
When the concentration is 0.006448 M, a small period of induction (about 12 hours) 
oceurs in which there is practically no hydrolysis, followed by a rate of hydrolysis more 
pronounced than for the 0.003224 M solution. The period of induction increases with 
concentration. With a 0.012896 M solution not much hydrolysis occurs even on the 
15th day, while there is no detectable hydrolysis whatever even on the 24th day with 
a 0.016120 M solution. ' The temperature in these experiments was 24-25°. 

Although some of the graphs in Fig. 2 have the same general shape as those of 
Godowin and Grover (Phys. Rev., 1900, 11, 195), the order in which the graphs occur is 
reversed in the concentration range 0.0008 to 0.0024 M. 

These experiments were repeated with another stock solution which was freshly 
prepared from A.R. FeCl;,6H,O and waso.2952 M. ‘The iron: chlorine ratio for this 
sample was 1: 1.857. ‘The stock was diluted to 0.002952 M, 0.005904 M etc., and the 
hydrolysis was followed exactly as above, It was found that waxing the containing 
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vessel did not influence the hydrolysis. The results are shown in Fig. .3, which shows 
graphs correspondig to an average temperature of 24-25°. It is to be noted that none 
of these curves is S-shaped, so that there is no period of induction, with any solution. 
The curves again are shifted upwards with increasing concentration except that the 
graph for 0.008856 M occurs lower than that for 0.005904 M. 
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Fig. 4 shows another set of similar graphs obtained at a lower temperature (20°). 
The 0.008856 M graph is again lower than the 0.0059 M graph and in addition, those 
for 0.011808, 0.014760 and 0.017712 M, forming a bunch, occur between these two. It 
appears to us that a strict temperature control throughout the period of hydrolysis is 
necessary before reliable theoretical conclusions can be drawn from the graphs. 


Since all the graphs in Figs. 3 and 4 and some of them in Fig. 2 fail to show any 
period of induction, these results do not require a two-stage hydrolysis hypothesis such 
as that of Goodwin. As a matter of fact, two of Goodwin’s own graphs (reproduced by 
Mellor, loc. cit.) are devoid of induction peroid. Moreover, it is not easily explained 
on Goodwin’s views why a lower concentration should show an ultimate higher conduc- 
tivity. Possibilities of adsorption of products of hydrolysis by the conductivity elec- 
trodes and vitiation of the solutions by absorbed gases and alkali cannot be completely 
ruled out. Goodwin's results are therefore perhaps open to experimental error. 


Since the existence of S-shaped graphs appears to be established in some cases, both 
from Goodwin’s work and the present one, Wagner’s hypothesis deserves some considera- 
tion. His point that all hydrolysis occurs immediately, does not appear to be supported 
from the present measurements where S-shaped curves occur, because here we are 
measuring the hydrolysis directly instead of a secondary effect (namely, liberation of 
HCl), Whatever the subsequent changes in size of the colloidal hydroxide, a consider- 
able (probably large) incearse in colour should occur immediately on dilution, if this 
hypothesis were correct. 


Effect of Addition of Products of Hydrolysis.—The product of hydrolysis of a dilute 
solution at room temperature is a yellow colloid whose disperse phase coarsens with 
time. A 0.006 M solution takes about two months to undergo complete hydrolysis. 
The solution then fails to give coloration with potassium ferrocyanide or thiocyanate. 
An initially clear sol gradually becomes turbid at room temperature (25°-30°) and to- 
wards the end some colloid starts settling down. Whena dilute solution is heated to 
boiling, one obtains, on the other hand, the well known blood-red sol. A fully hydrolysed 
0.006 M sol also acquires red colour on boiling, showing that some of the colloidal 
particles already exisiing in the sol may be converted into those of the red sol in con- 
sequence of some changes, probably physical changes, which take place on heating. 
The simplest way to look at it is to consider that when the yellow colloidal particles 
of the right size are dehydrated, a red sol is obtained. Not all the particles could yield 
the red sol since one invariably gets a deeper red sol by immediate heating of the 
diluted solution, no chance being given to the yellow particles to coarsen. 


Since some of the graphs gave an impression of autocatalysis, the effect of addition 
of the products of hydrolysis was studied. For this purpose different dilute solutions 
(0.0029 M, 0.005904 M etc.) were prepared from a stock which was itself about 0.3 M 
and of about two weeks old; 0.5 c.c. of a sol obtained by cold hydrolysis of 0.005904 M 
ferric chloride for two weeks was delivered into a 50 c.c. flask, filled to the mark with 
the diluted ferric chloride solution, and the subsequent hydrolysis was followed as usual. 
The results are shown in Fig.5. The graphs are similar to those in Fig. 3 or 4. 
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Fig. 5 shows that the rate of hydrolysis is not simply related to the concen- 
tration of the solution. It increases at first with concentration, but there isa swing 
back after 0.008856 M. ‘The dotted line is for a 0.017712 M solution to which only 
half the proportion of cold hydrolysed sol has been added, and occurs highest in the 
diagram. 
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A comparison of these results with blank ones in which no external sol has been add- 
ed shows that this sol generally produces an increase in the rate of hydrolysis though not 
always, nor to the same extent when it does. This is clearly indicated from the figures 
contained in the following table. The almost complete indifference of the added sol to 
the 0.00590 M solution is curious as also is the tremendous increase in the case of the 
0.017712 M solution (see Fig. 6). 
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TABLE II 
Acceleration of hydrolysis by cold hydroiysed soi. 
Conc. of solution Absorption Difference 
Blank. With sol. 
0.00295 M v.686 at 459 hrs. 0.820 +0.154 
0.528 at II9g 0.642 +0 114 
0.00590 0.948 at 315 0.965 +0.017 
0.860 at 119 0.850 —0.010 
0.00886 0.780 at 193 0.958 +0.178 
0.670 at 97 0.860 +0.190 
0.01181 0.880 at 193 0.979 +0.090 
0.728 at 97 0 800 +0 072 
0 01476 0.888 at 193 0.900 +0 o12 
0.725 at 97 0.780 +0 055 


Since the 0.01771 M solution showed the largest difference, it was chosen for further 
investigations. ‘The effects of addition of (i) 0.5 c.c. hot hydrolysed sol, prepared by boil- 
ing a fresh 0.00590M solution, (ii) 0.5 c.c. hot hydrolysed sol and 0.5 c.c. of 1% gelatine 
solution, (ii) 0.5 c.c. cold hydrolysed sol and 0.5 c.c. gelatine solution, (tv) 0.5 c.c. of 
gelatine solution only, are shown in Fig. 6, which also includes the graph for acceleration 
of hydrolysis by 0.5 c.c. of cold hydrolysed sol only and also one for blank hydrolysis. 
The mixtures were so prepared with 0.01771 M ferric chloride that the total volume 
was always 50c.c. The large acceleration produced by the cold hydrolysed sol is seen 
clearly as also the depression produced by the hot hydrolysed sol. Addition of gelatine 
produces a remarkable depression to which the hot hydrolysed sol appears to add. 
The depression is hardly affected by the presence of the cold hydrolysed sol. As a 
matter of fact, there is hadly any hydrolysis in any case during the first five days. We 
thus find that a hydrolysis without a period of induction may be changed into one with 
a period of induction. It does not appear attractive to regard that the two-stage hy- 
drolysis with the associated chemical reactions; as envisaged by Goodwin, sets in due 
to the presence of gelatine. 

It may be noted that in the existing hypotheses of hydrolysis, the changes occurring 
in the stock solutions are completely ignored. It is our feeling that this is ignoring a 
very important factor. We have already presented a rough picture of what may take 
place in a fairly concentrated ferric chloride solution in which possibilities of hydrolysis 
do not exist. It is clear that the average state of polymerisation cannot be determined 
by average molecular weight determinations, since the increase in molecular weight due 
to polymerisation may be offset by ionisation of some of the salt in the usual way. 
We therefore undertook the examination of the stock solution on the Spekker using 
the Ilford filter 603. The usual stock solution, 0.2952 M, freshly prepared, was divided 
into three portions and stored in glass-stoppered bottles at 5°, 21° and 32.5° res- 
pectfvely. The absorptions at different stages are plotted in Fig, 7 (vide supra). One 


notes a rapid initial increase in absorption whose peak is reached after about 30 hours, 
Thereafter the absorption decreases, but a more or less steady state is reached after 
60 hours, except at 5° where a slow decline appears to persist for many days. The steady 
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state is higher, the higher the temperature. A slight precipitate appears on long storage 
unless the temperature is low. In another series of experiments the stock solution was 
diluted to various degrees and subjected to rapid heating by immersion in boiling water. 
The results are summarised in Table ITI. 


TABLE III 


Effect of heating ferric chloride solutions at 90°. 


Conc. (mol. /litre) Solution. Remarks, 
0.14760 Yellow. turbid A ppt. appears on cooling ; yellow. 
0.07380 Tea coloured, turbid No observable ppt. 
0.06494 Do os Do. 
© 05904 Do. od Do. 
0.03542 Red, transparent Rrown ppt, at first which disappears 
leaving sol turbid. 
0.03247 Do a No precipitate. 
0.02952 Do 98 Do. 


The observations again show that ferric chloride solutions do not consist of identical 
entities at different concentrations. It is an experimental fact that ferric chloride in 
not too low concentrations can peptise the freshly precipitated hydroxide. Itis reason- 
able therefore to assume that these ferric chloride solutions may also increase the 
dispersion in a hydrolysed sol, or in other words, would inhibit the growth of large 
colloidal particles of the hydroxide. In general, therefore, there should be a lack of 
balance between hydrolysis and peptisation in a dilute solution of ferric chloride. In 
more concentrated solutions, the colloidal hydroxide formed would be prevented in growth 
of size by the peptising action of the unhydrolysed solution. Ina more dilute solution, 
the peptising action would be feeble and the conditions would be favourable for the 
growth of particales following hydrolysis. In a fairly concentrated solution, however, 
the number of colloidal particles formed, though small due to peptisation, may be so 
numerous that they may coalesce and bring about coarsening of the disperse phase. 

Keeping these points in mind and assuming that a yellow sol corresponds to com- 
paratively large colloidal particles, and a red sol to comparatively small particles, which 
are also poorer in hydration, one can understand the observations recorded in Table III 
without difficulty. Thus, the 0.14760 M solution yields a yellow sol because the 
number of colloidal particles initially found may be large and those may coalesce in 
spite of the peptising action of the unhydrolysed solution. In the hydrolysis of dilute 
solutions (presented in Figs. 2, 3 and 4) also we noted that all the cases were not alike 
in respect of clarity of the sols produced. ‘There was an intermediate low concentration 
(0.00590 M prepared from the not too old stock solution) which became turbid first, 
indicating that peptising power, if any, was feeble in such a solution. The solutions 
below this concentration also gave comparatively clear sols because in spite of the 
lack of peptising power, agglomeration was hindered due to low concentration of the 
disperse phase. A sediment, always yellow, was found in each case, except the lowest 
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concentrations, in two months. No precipitate whatever appeared in the case of a 
0.002952 M solution even after a year. Incidentally, this solution then had a definite red 
tinge, characteristic of the dilute hot hydrolysed sol, which was also possessed by the 
higher concentrations, but decreased rapidly as one approached a o0.01771M svlution. 
This observation supports our earlier consideration that the red sol is associated with 
partially dehydrated colloidal particles of limited size. Dehydration of the larger parti- 
cles may in the first instance produce their precipitation without much change in colour 
which would explain the appearance of the same in most cases. 

It is possible to inhibit hydrolysis completely at any stage by suitably lowering the 
temperature. Thus, in one experiment we took a freshly diluted 0.00590 M solution 
and divided it into two glass-stoppered bottles. The bottles were kept one each at 
room temperature (24.5°) and in a frigidaire (5°) and the two were interchanged every 
day. The absorptions were followed on the Spekker as usual, and the results are shown 
in Fig. 8. One finds that the absorption remains constant during cold storage (dotted 
lines) and sometimes even ~hows a decrease showing that part of the hydrolysis (or some 
effect produced by it) may be temperature-reversible. 

These experiments are enough to show that the hydrolysis of ferric chloride is no 
simple phenomenon and a full explanation of all the facts observed must await further 
work. ‘The views expressed here are purely tentative and serve more to give a coherence 
to the observations rather than to explain them. 

The authors are grateful to Shri N. L. Vidyarthi, Senior Chemist, State Industrial 
Laboratory, Patna, for placing all the facilities there, particularly the Spekker, at their 
disposal, and taking a cortinued interest in the work. 
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SYNTHESIS OF THIAZOLO-STYRYL CYANINE DYES 
By J. C. BANERJI AND KALIDAS BANERJEE 


Four new cyanine dyes have been prepared by condensing -dimethylaminobenzaldehyde with 
4-p-tolyl-, 4-p-chlorophenyl-, 4-p-bromophenyl- and 4-p-iodophenyl-2-methylthiazole methiodides, and 
their photographic and other properties examined. Preparation of 2-methyl-4-p-tolylthiazole and few 
other intermediates have been described. In spite of possessing the highest molecular weight among 
the dyes studied, the 4-p-iodo dye is the weakest sensitiser. 


Substitution of different groups in a cyanine dye molecule is known to affect con- 
siderably the extra-sensitisation conferred by the dyes to the gelatino-bromide photo- 
graphic plates. With a view to throwing more light on this phenomenon, four new dyes 
have been synthesised by condensing p-dimethylaminobenzaldehyde with methiodides 
of 4-p-tolyl-2-methylthiazole, 4-p-chlorophenyl-2-methylthiazole, 4-p-bromophenyl-a- 
methylthiazole and 4-p-iodopheny]-2-methylthiazole in absolute alcohol using piperidine 
as acatalyst. The compounds thus obtained may be represented by the formula:- 


aon a & a | ? fee dye Ks 
x-€ D-"y H=cH—€_) = { =Br in dye Ke 
N Nea, =] in dye K, 


CH, (I) 


4-p-Tolyl-2-methylthiazole, required for the preparation of the dye K,, was synthesised 
by one of us (J.C.B.) from monochloromethyl-p-tolyl ketone and thioacetamide, follow- 
ing Hantzsch’s (Annalen, 1888, 280, 257) standard method for the synthesis of thiazoles. 
Identical treatment of monochloromethyl-p-chlorophenyl ketone with thioacetamide 
yielded 4-p-chlorophenyl-2-methylthiazole in good yield. Wetherill and Hann (J. Amer, 
Chem, Soc., 1934, 86, 970) obtained the hydrochloride of the base by refluxing the 
reactants in alcohol. Subsequent basification of the salt yielded the thiazole. 
The quaternisation of the bases have been effected by heating the bases with methyl 
iodide in sealed tubes in a water-bath for 24 hours, and the salts were recrystallised from 
hot water. The chief properties of the dyes have been summarised in Table I. 


Tas.e I 
Dye, Reflex. Pleochroism. Colori. HCi Extrasensitisation. Frequency 
Colour of Colour of meter 1eqd. Range Max. of max. 
light atone _ light at 1 reading. absorption. 
position of to the 
polariser. polariser. 
K, Strong yellowish Deep red Crimson 20 71e.c. 62508 ssooK 61225x10!0 
green 
Ky Do Light green Nearly 17 7:9 6250 5600 60852 
Do colorless 
K3 Strong Bottle green Greenish 15 8.1 €250 5800 62762 
greenish yellow yellow 
K, Dull yellow Yellow Brownish red 13.5 8.6 6200 5600 61856 
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Crystalline and pleochroic, the dyes are soluble in alcohols but are insoluble in water, 
benzene and ether. The colours of the ethyl alcoholic solutions of the dyes are in 
varying shades of pinkish brown and are reversibly discharged by the addition of mineral 
acids, the amount of acid required increasing with the intensity of colour. ‘The relative 
intensities of colour in ethyl alcohol (1/50,000) have beeri measured by the Duboscy 
colorimeter, while the discharge of colour has been effected by titrating the above solu- 
tions with N/100-HCl (Table I). 

The absorption and sensitisation spectra of the dyes have been measured by the 
Wedge spectrograph. For recording the absorption, 1/20v0 solutions of the dyes in 
ethyl alcohol have been used, while the sensitisation spectra have been recorded by 
exposing process plates bathed in 1/50,000 solution of the dyes in dilute ethyl alcoho! 
(1:3). The sensitisation spectrographs are shown in Fig. 1, the sensitisation spectro- 
graph of an unbathed 1 rocess plate being appended for comparison. 
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Rectified spirit solutions of the dyes impart various shades of brownish red to silk, 
cotton and wool, I'he shades thus produced are, however, fugitive to washing and 
exposure to sunlight. 
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Though the range of extrasensitisation of the dyes K,, K, and K, are same, 
there is a progressive shift in the wave-length of maximum sensitisation with the increase 
in the molecular weight of the dyes. Surprisingly enough, the iodo-substituted dye K, 
is the poorest sensitiser, its extrasensitisation being the same as that of the unsubstituted 
dye, 4-phenyl-2-p-dimethylaminostyrylthiazole methiodide (I, K=H), prepared by 
Mills and Smith (J. Chem. Soc., 1922, 121, 2724). 


ExPERIMENTAL 


2-Methyl-4-p-tolylthiazole.—Monochloromethyl-p-tolyl ketone (8.4 g.) and _ thio- 
acetamide (3.8 g.) were warmed together on a water-bath. After the reaction was over, 
the mass was extracted with HCl (conc.), the extract filtered and rendered alkaline. 
The thiazole separated in solid lumps (4 g.) and was recrystallised from dilute alcohol 
as colorless flakes, m.p. 63°. (Found: C, 69.5 ; H, 5.8; N, 7.5. Ci,Hi,NS requires 
C, 69.8; H, 5.8; N, 7.4 per cent). The chloroplatinate of the base on ignition left 
Pt, 24.7. (C,,H,,NS)2,H.PtCl, requires Pt, 24.7%. 

2-Methyl-4-p-tolylthiazole methiodide was obtained from the above thiazole and 
methyl iodide, yield 67%, m.p. 229°. (Found:N, 4.4; I, 38.3. Ci2Hi,NIS requires 
N, 4.2; I, 38.4 per cent). 

2-p-Dimethylaminostyryl-4-p-tolylthiazole methiodide was obtained by refluxing 
the above iodide (0.6 g.) with p-dimethylaminobenzaldehyde (0.3 g.) in absolute alcohol 
(10 c.c.) with piperidine (2 drops) for 4 hours, yield 15% (crystallised). It was re- 
crystallised from methyl alcohol as scintillating yellowish green platelets, m.p. 239°. 
(Found: N, 6.2; I, 27.7- C2:H2;N.IS requires N, 6.1; I, 27.5 per cent). 

2-Methyl-4-p-chlorophenylthiazole was prepared from monochloromethyl-p-chloro- 
phenyl ketone (9 g.) and thivacetarnide (4 g.) as in the case of the above thiazole, 
yield 71%. It was recrystallised from alcohol as glistening flakes, m.p. 122°. 

2-Methyl-4-p-chlorophenylthiazole methiodide was obtained from the above thiazole 
and methy] iodide in almost theoretical yield, m.p. 238-39°. (Found:N, 3.9; C1+I, 
45.5. C:1,H,,NCIIS requires N, 4.0 ; Cl+I, 46.2 per cent). 

2-p-Dimethyiaminostyryl-4-p-chlorophenylthiazole Methiodide.—When the above 
iodide (0.7 g.) and p-dimethylaminobenzaldehyde {0.3 g.) in absolute alcohol (10 c.c.) 
were refluxed with piperidine (2 drops) for 4 hours, the dye separated (30%) and was 
recrystallised from methyl alcohol as small needles, m.p. 217°. (Found: N, 5.9; Cl+I, 
33-3- CooHaoN2ClIS requires N, 5.8; Cl+I, 33.7 per cent). 

2-p-Dimethyl-4-p-bromophenylthiazole methiodide was obtained from 2-methyl-4-p- 
bromophenylthiazole (Wetherill and Hann, loc. cit.) and methyl iodide, yield 55%, 
m.p. 239-40°. (Found:N, 3.6; Br+I, 52.0. C,,H:,NBrIS requires N, 3.5; Br+I, 
52-4 per cent). 

2-p-Dimethylaminostyryl-4-p-bromophenylthiazoie Methiodide.—After refluxing 
the above iodide (0.7 g.) and p-dimethylaminobenzaldehyde (0.3 g.) with absolute 
alcohol (10 c.c.) and piperidine (2 drops) for 4 hours, the dye precipitated (20%) and 
was recrystallised from methyl alcohol as greenish yellow needles. m.p. 223°. (Found: 
N, 5-5; Br+I, 39.1- CspH2oN2BrIS requires N, 5.3 ; Br+I, 39.2 per cent). 
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2-Methyl-4-p-iodophenylthiazole methiodide was obtained from 2-methyl-4-p-iodo- 
phenylthiazole and methyl iodide (Wetherill et al., los. cit.), yield 60%, m.p. 245-46°. 
(Found:N, 3.2; 1, 57.3. C::H,,NI1.S requires N, 3.2 ; I, 57.3 per cent). 

2-p-Dimethylaminostyryl-4-p-iodophenylthiazole methiodide was obtained (25%) 
by refluxing the above iodide (0.4 g.) with p-dimethylaminobenzaldehyde (0.3 g.) in 
absolute alcohol (10 c.c.) and piperidine (2 drops) for 4 hours. It was recrystallised 
from methyl alcohol as felt-green needles, m.p. 229°. (Found: N, 5.0; I, 43-9. 
C,.H,.N2IS requires N, 4.9; I, 44.3 per cent). 


CHEMISTRY LABORATORY, 
B. N. COLLEGE, PATNA 4. Received March 29, 1954. 
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ISOMERISATION OF ARYL SULPHONATES TO HYDROXYARYL 
SULPHONES 


By Miss A. A. ALEYKuUTTY AND V. BALIAH 


The isomerisation of several aryl benzenegulphonates and aryl p-toluenesulphonates under the 
influence of anhydrous aluminium chloride has been studied. Phenyl benzenesulphonate and pheny! 
p-toluenesulphonate isomerise t> mixtures of o hydroxy- and p-hydroxy-sulphones When the aryl 
group has a para substituent, the o-hydroxysulphone alone is formed. 


Simons, Archer and Randall (J. Amer. Chem. Soc., 1940, 62, 485) reported the 
formation of 2-hydroxy-5-methyldiphenylsulphone by heating the sulphonate with 
hydrogen fluoride. Rittler (D. R. P. 532,403/1930) isomerised some aryl sulphonates 
to hydroxydiaryl sulphones by heating the sulphonates with aluminium chloride or zinc 
chloride direct or in the presence of an inert solvent like nitrobenzene. But for these 
few instances no attempts have been made to prepare phenolic sulphones from aryl sul- 
‘phonates. It was therefore thought desirable to undertake a more detailed investiga- 
tion of the isomerisation of aryl sulphonates (cf. Miss Aleykutty and Baliah, Curr, Sci., 
1953, 22, 307). 

Phenyl benzenesulphonate, when heated with anhydrous aluminium chloride at 
110°-120° for 14 hours, gave a mixture of 2-hydroxy- and 4-hydroxy-diphenylsulphones 
in 12% yield. When the isomerisation was conducted at 150°-160°, the yield of the 
mixture of the two isomers was 45%. Of the two isomers, the o hydroxysulphone is 
more soluble in benzene and this property has been made use of in effecting their separa- 
tion. The identity of the two isomers was established by comparing them with samples, 
synthesised unequivocally. The o-isomer was obtained by demethylating 2-methoxy- 
diphenylsulphone, prepared from 2-methoxybenzenesulphonyl chloride and benzene by 
the Friedel-Crafts reaction. The -isomer was similarly obtained by demethylating 
4-methoxydiphenylsulphone, prepared from 4-methoxybenzenesulphonyl chloride and 
benzene. 


The action of anhydrous aluminium chloride on p-tolyl benzenesulphonate and 
b-chlorophenyl benzenesulphonate resulted in the formation of 2-hydroxy-5-methyl- 
diphenylsulphone and 5-chloro-2-hydroxydiphenylsulphone in 10% and 9.5% yields 
respectively. The identity of the two sulphones was established by comparing them 
with authentic samples prepared by the method of Heppenstall and Smiles (J. Chem. 
Soc., 1938, 899). 

Phenyl p-toluenesulphonate undergoes isomerisation, when heated with anhydrous 
aluminium chloride, to a mixture of 2-hydroxy- and 4-hydroxy-4'-methyldiphenyl- 
sulphones. There was no appreciable isomerisation below 100°. When the reaction 
was conducted at 100°-110° for 1} hours, the mixture of the two isomers was 
obtained in 25% yield. When the temperature was raised to 130°-140°, keeping 
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the duration of heating the same, the yield rose to 42%. The two isomers were 
separated by taking advautage of their difference in solubility in benzene and alcohol. 
The 2-hydroxysulphone is very soluble in benzene and sparingly soluble in alcohol, 
while it is just the reverse in the case of 4-hydroxysulphone. 

The action of anhydrous aluminium chloride on phenyi -toluenesulphonate was 
previously studied by Rittler (loc. cit.) but then the formation of only one phenolic 
sulphone (m.p. 125-26°) was reported. No reference was made as to its exact structure. 
Subsequently, Rittler (D.R.P. 555,409/1931) tried the Friedel-Crafts reaction between 
phenol and p-toluenesulphony! chloride and fluoride. The two sulphonyl halides gave 
two different phenolic sulphones, one melting at 138° and the other, at 125-26°. Rittler 
characterised the lower-melting sulphone as the p-hydroxysulphone and the other as 
the o-hydroxysulphone. We found, by a comparison of our sulphones with samples syn- 
thesised unequivocally, that the lower-melting sulphone was actually the o-hydroxysul 
phone, while the other was the p-hydroxy isomer. 

The syntheses of 2-hydroxy- and 4-hydroxy-4’ dimethyldiphenylsulphones were 
effected, as described in the Experimental. 

The isomerisation of p-tolyl p-toluenesulphonate was studied by Rittler (loc.cit.) 
but the position of the hydroxy group in the resulting sulphone was not clearly stated. 
Hence, it was thought desirable to establish the structure of tlhe sulphone. It was also 
thought worthwhile to study in this connection the isomerisation of p-chlorophenyl 
p-toluenesulphonate in view of its structural similarity to p-tolyl p-toluenesulphonate. 

Heating p-toly] p-toluenesulphonate with anhydrous aluminium chloride at 105-115° 
for 14 hours afforded 2-hydroxy-5:4'-dimethyldiphenylsulphone in 22% yield, while 
heating p-chlorophenyl -toluenesulphonate with anhydrous aluminium chloride at 
80°-90° for 2 hours gave 5-chloro-2-hydroxy-4’-methyldiphenylsulphone in 14% yield. 
The identity of the two sulphones was established by comparing them with samples 
synthesised according to the following scheme : 


OMe OMe 
4\—s0,C! AlCl, (\-S0— __S—Me 
Y x 
} () 
R R 
OH 
HI ON __30,— __y—Me 


(R=Me or Cl) 


Though the sulphonyl chloride (I) can react with toluene affording compounds 
of the type (II) and (III), the fact that the product of the reaction, after demethyla- 
tion, has been found to be identical with the one obtained by the isomerisation of (IV) 
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) Me SY Me \W 
R k R 

(II) (ITI) (IV) 


should itself exclude structures (II[} and (III) for it, because in these two structures 
the methyl group is not situated para to the sulphonyl group. Further, it is 
known (cf. Beckurts aud Otto, Ber., 1878, 11, 2066; Roescken, Rec. trav. chim., 
1912, 85, 199; Witt and Uermenyi, Ber., 1913, 46, 306) that whenever an aryl- 
sulphonyl chloride reacts with toluene under the conditions of the Friedel-Crafts 
reaction, aryl-p-tolylsulphone is usually the only product formed. 


ExPERIMENTAL 


Isomerisation of Phenyl Benzenesulphonate.—A mixture of phenyl benzene- 
sulphonate (41 g.) and fineiy powdered anhydrous AICi, (37 g.) was heated at 150°-160° 
for 1} hours. After cooling, the reaction mixture was poured into a mixture of ice and 
HCl. The liquid that separated out did not solidify soon. It was extracted with ether 
and the ether solution was extracted thrice with a 10% solution of sodium hydroxide. 
The alkali extract was acidified with HCl. A viscous mass that solidified very slowly 
was obtained in 45% yield ‘18.5 g.). It was repeatedly washed with benzene. The 
benzene-soluble portion, on evaporating off the solvent and recrystallising from alcohol, 
gave 12g. of colorless needles (compound A) melting at 98-99°. (Found: C, 61.3; 
H, 4.4. Cale. for C,3H,.O;S: C, 61.5; H, 4.3 per Gut). The benzene-insoluble portion, 
when recrystallised thrice from alcohol, gave 3g. of colorless plates (compound B), 
m.p. 137-38°. (Found :C, 61.6; H, 4.5. Calc. for Cj2zHieO3S: C, 61.5; H, 4.3 per cent). 

When the isomerisation of phenyl b2nzenesulphonate was conducted at 110°-120° 
for 14 hours, the yield of the mixture of the two isomers was 12.5%, from which the 
higher-melting isomer was obtained in 7.5% yield. 

2-Methoxydiphenylsulphone.—A mixture of 2-methoxybenzenesulphonyl chloride 
(Haitinger, Monatsh., 1883, 4, 174) (6g-) aud anhydrous AICI, (6.5 g.) was taken in 
CS, (35 c.c.) and set up for refluxing on a water-bath. Pure benzene (3 c.c.) was added 
slowly and the mixture was heated for 14 hours. The reaction mixture was then poured 
into crushed ice containing HCl. ‘The solid obtained was recrystallised from alcohol, 
yield 5.5 g., m.p. 143-44° (cf. Heppenstall and Smiles, loc.cit.). 

2-Hydroxydiphenylsulphone.—A mixture of 2-methoxydiphenylsulphone (2 g.) 
and hydriodic acid (d 1.7, 3 c.c.) was refluxed at 160° for 5 hours. After cooling, the 
product was poured into water. A dark red oily substance separated out and it solidi- 
fied soon. Digesting the solid with a 10% solution of NaOH and acidifying the alkaline 
filtrate gave 2-hydroxydiphenylsulphone (1.25 g.). After four recrystallisations from 
alcohol, the compound melted at 98-99° (cf. Ullmann and Pasdermadjian, Ber., rgor, 34, 
1150; Heppenstall and Smiles, loc.cit.). . 
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The lower-melting isomer (compound A), obtained from phenyl benzenesulphonate 

by the action of anhydrous AlCIl,, was found to be identical with the above sulphone, 
eing no depression in the mixed m.p. 

4-Methoxydiphenylsulphone.—By heating a mixture of 4-methoxybenzenesulphonyl 
chloride (Huntress and Carten, J. Amer. Chem. Soc., 1940, 62, 603) (9 g.), anhydrous 
AICI, (9 g.) and benzene ‘6 c.c.) in CS, (30 c.c.) for 14 hours and working up the 
mixture as in the case of the 2-methoxy compound, 4-methoxydiphenylsulphone was 
obtained in 96% yield ‘10.5 g.). Recrystallisation from alcohol gave thin plates, m.p. 
go-91° (cf. Heppenstall and Smiles, loc cit.). 

4-Hydroxydiphenylsulphone.—Demethylation of the above methoxysulphone with 
hydriodicacid gave 4-hydroxydiphenylsulphone in 94% yield. While by recrystallisa- 
tion from alcohol it separated first as a liquid but it gradually crystallised, m.p. 137-38° 
(cf. Hilbert and Johnson, J. Amer. Chem. Soc., 1929, 51, 1526; Heppenstall and 
Smiles, loc. cit.). 

The higher-melting isomer (compound B), obtained from phenyl benzenesulphonate, 
did not depress its melting point. 

Isomerisaiion of p-Tolyl Benzenesulphonate to 2-Hydroxy-5-methyldiphenylsul- 
phone.—A mixture of p-tolyl benzenesulphonate (6 g.) and anhydrous AICI, (6 g.) was 
heated at r10°-130° in an oil-bath for 1 hours. The product, on working up as usual, 
gave 0.6g. (10%) of the sulphone. It melted at 139-40° with or without a sample of 
2-hydroxy-5-methyldiphenylsulphone, prepared by the method of Heppenstall and 
Smiles (loc. cit.). 

Isomerisation of p-Chlorophenyl Benzenesulphonate to 5-Chloro-2-hydroxydiphen- 
ylsulphone.—The experimental procedure was the same as the one used for p-tolyl 
benzenesulphonate. 5-Chloro-2-hydroxydiphenylsulphone was obtained in 9.5 % yield. 
After recrystallisation from alcohol, it melted at 138-39° alone or mixed with a sample 
synthesised by the method of Heppenstall and Smiles (loc. cit.). 


Isomerisation of Phenyl p-Toluenesulphonate.—A solution of phenyl -toluenesul- 
phonate (35 g.) in CS, (40c.c.) was mixed with powdered anhydrous AICI, (26 g.) and 
the mixture was gradually heated to 110°. The temperature was maintained at 130°- 
140° for 14 hours. There was vigorous effervescence for about 20 minutes with the 
evolution of HCl. All the solvent evaporated during the heating. The reaction mixture 
on working up gave 15g. (42 %) of the product. It was dissolved in alcohol and 
allowed to crystallise. The crystals that separated first were collected and repeatedly 
recrystallised from alcohol until the compound had a constant m.p. 126-27°. (Found: 
C, 63.0; H, 4-9. Calc. for C,3;Hi,0;S: C, 62.9; H, 4.8 per cent). 

The substance remaining in the mother-liquor was liberated by the addition of 
water and washed with benzene. The benzene-insoluble portion was recrystallised 
several times from alcohol to yield a product of m.p. 142-43°. (Found: C, 63.2; 
H, 4.9. Cale. for C,:;H,,0,S: C, 62.9; H, 4.8 per cent). 

The lower-melting isomer is sparingly soluble in alcohol and easily soluble in 


benzene and ligroin. The higher-melting isomer is sparingly soluble in benzene and 
ligroin, and easily soluble in alcohol. 
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2-Methoxy-4’-methyldiphenyl Sulphide.—Sodium ‘4.6 g.) was dissolved in absolute 
alcohol (50 c.c.) and to the resulting sodium ethoxide was added p-thiocresol (24.8 g.). 
The alcohol was then removed by evaporation. ‘To the dry sodium salt of -thiocresol, 
o-iodoanisole (46 g.) as weil as copper powder (0.8 g.) were added and the mixture was 
heated in an oil-bath at 230°-240° for 4 hours, using an air condenser. ‘The product, 
after cooling, was digested with alcohol (10 c.c.) and transferred into a distilling flask. 
Any dark pasty mass sticking to the sides of the flask was washed into the distilling 
flask by meaus of 1:1-sulphuric acid (150 c.c.). After adding 20g. of zinc dust (to 
remove any disulphide that might have formed), the contents of the distilling flask were 
subjected to steam distillation. In this way the unchanged o-iodoanisole and p-thiocresol 
were removed. ‘The residual dark brown heavy oil was ether-extracted, dried over 
calcium chloride and distilled twice under reduced pressure. ‘The sulphide was obtained 
as a colorless liquid, b.p. 186-88°/12 mm., yield 35g. (78 %). (Found: C, 73.2; H, 
6.4. C.4H,,OS requires C, 73.1; H, 6.1 per cent). 

2-Methoxy-4’-methyldiphenylsulphone.—To a solution of 2-methoxy-4’-methyldi- 
phenyl sulphide (2.3 g.) in glacial acetic acid (50 c.c.}, KMnO, solution was added with 
constant stirring till the pink colour persisted. The excess of permanganate was then 
removed by passing SO,. After diluting the solution with water and cooling, 2-methoxy- 
4'-methyldiphenylsulphone crystallised out. Recrystallisation from alcohol gave snowy 
flakes, yield 2.2 g. (85 %), m.p. 119-20°. (Found: C, 64.3; H, 5.6. C,:,H,.O,S requires 
C, 64.1; H, 5.3 per cent). 

This sulphone was also prepared in 72 % yield from 2-methoxybenzenesulphonyl] 
chloride (Haitinger, Joc. cit.) and toluene by the Friedel-Crafts reaction. Carbon 
disulphide was used as the solvent and the reactants were heated on a water-bath under 
reflux for 14 hours. 

~ g-Hydroxy-4'-methyldiphenylsulphone was obtained by the demethylation of 
the above sulphone. Recrystallisation from alcohol gave colorless plates, m.p. 126-27°. 
(Found: C, 63.2; H, 4.9. Calc. for C:;H,,0;S: C, 62.9; H, 4.8 per cent). 

It did not depress the melting point (126-27°) of the lower-melting sulphone obtained 
by the isomerisation of phenyl p-toluenesu!phonate. 

4-Hydroxy-4'-methyldiphenylsulpho.e was prepared by MHuismann (D.R.P. 
745, 127/1943) by treating 4-chloro-4’-methyldiphenylsulphone with alkaline substances 
under pressure. In the present work it was obtained by the diazotisation method 
from 4-amino-4’-methyldiphenylsulphone. ‘This amine has been prepared by reduction 
(with tin and hydrochloric acid) of 4’'-methyl-4-nitrodiphenylsulphone (cf. Bamberger 
and Rising, Ber., to01, 34, 244; Halberkann, ibid., 1922, 55, 3084) which in turn 
has been obtained by the oxidation of 4'-methyl-4-nitrodiphenyl sulphide with 30% 
H,O, in glacial acetic acid (cf. Louden, J. Chem. Soc., 1936, 218). 

4-Amino-4’-methyldiphenylsulphone (6.2 g.) was diazotised using 4 N-HC1 (150 c.c.) 
and sodium nitrite (1.75 g.). The resulting solution was kept stirring for about 2 hours 
till there was no smell of n‘trous fumes. It was then diluted and heated to boiling. 
On cooling, a reddish brown pasty mass was obtained. It was vigorously shaken’ with 
10 % solution of NaOH and the alkali filtrate was extracted with ether till the ether 
layer was almost colorless. Acidification of the alkaline solution gave 3.1 g. (50 %) 
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of crude 4-hydroxy-4'-methyldiphenylsuiphone. It was then crystallised from alcohol 
using decolorising charcoal. Two more recrystallisations from benzene gave tiny 
shining plates, m.p. 143-44°. ‘Found: C, 62.8; H, 4.9. Calc. for Cy3Hi20,8: C, 62.9; 
H, 4.8 per cent). 

It did not depress the melting point (142-43°) of the higher-meiting sulphone 
obtained by the isomerisation of phenyl] p-toluenesulphonate. 

Isomerisation of p-Tolyl p-Toluenesulphonate.—A mixture of p-tolyl -toluene- 
sulphonate (5 g.) and powdered anhydrous AICI, (3.5 g.) was gradually heated to 105°- 
115° and kept at that temperature for 14 hours. The product, after the usual treat- 
ment, gave 1.1 g. (22 %) of the sulphone. Recrystallisation twice from alcohol gave 
needles, m.p. 130-32° (cf. Rittler, loc. cit). (Found: C, 63.93 H, 5.5. Cale, for 
C,.H,,.0,8: C, 64.1; H, 5.3 per cent). 

2-Methoxy-5:4’-dimethyldiphenylsulphone.--A solution of 2-methoxy-5-methylben- 
zenesulphony!] chloride (Stewart, J. Chem. Scc., 1922, 121, 2558) (10 g.) in CS, (30 c.c.) 
was treated with powdered anhydrous AICI; (9 g-}. The mixture was set up for reflux- 
ing and toluene (5 c.c.) was gradually added. After 14 hours, the product was treated 
with HCl. The resulting solid (10 g., 90 %) was recrystallised thrice from alcohol, 
m.p. 145-46°. (Found: C, 64.9; H, 6.1. C,sH,.603S requires C, 65.2; H, 5.8 per cent). 

2-Hydroxy-5:4'-dimethyldiphenylsulphone.—Demethylation of the above sulphone 
(1.4. g.) by heating with hydriodic acid ‘d 1.7, 3 c.c.) at 140° for 5 hours gaye 0.7 g. 
of 2-hydroxy-5:4’-dimethyldiphenylsulphone (54 %). After  recrystallising from 
alcohol, the compound melted at 130-32°. (Found: C, 64.0; H, 5.2. Cale. for C,,H,,0;S: 
C, 64.1; H, 5.3 per cent). it did not depress the m.p. of the sulphone obtained by the 
isomerisation of p-tolyl p-toluenesulphonate. 

Isomerisation of p-Chlorophenyl p-Toluenesulphonate.—A mixture of p-chloro- 
phenyl p-toluenesulphonate (4 g.) and powdered anhydrous AICI, (6 g.) was heated on 
a water-bath at 80°-90° for 2 hours. On working up the product as usual, 0.6 g. of 
the hydroxy-sulphone was obtained. Recrystailisation from alcohol gave colorless 
needles, m.p. 125-26°. (Found: C, 55.0; H, 3.60. C,3;H,,O;CIS requires C, 55.2; H, 
3.9 per cent). 

2-Methoxy-5-chloro-4’-methyldiphenylsulphone was prepared from 2-methoxy-5- 
chlorobenzenesulphonyl chloride (Gauntlett and Smiles, J. Chem. Soc., 1925, 2745) 
(15 g-), toluene (8c.c.) and anhydrous AICI, (15 g.) by carrying out the reaction 
in CS, (50 c.c.) at 80° for 1} hours. The yield was 16g. ‘87%). Recrystallisation 
from alcohol gave long needles, in-p. 139-40°. (Found: C, 56.4; H, 4.3. 
C,,H,,;0;SC1 requires C, 56.7; H, 4.3 per cent). 

2-H ydroxy-5-chloro-4’-methyldiphenylsulphone.—Demethylation of the above me- 
thoxysulphone gave this compound. It crystallised as needles from alcohol, m.p, 
125-26°. (Found: C, 55.0; H, 3.5- C,;H,,0;CIS requires C, 55.2; H, 3.9 per cent), 
It did not depress the m.p. of the sulphone obtained by the isomerisation of -chloro- 


phenyl p-toluenesulphonate. 
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THERMAL DECOMPOSITION OF STRONTIUM NITRITE 


By TRAMBAKLAL MOHANLAL OZA AND SHIVABHAI A PATEL 


In the decomposition of strontium nitrite much larger quantities of nitrogen than heretofore in the 
work by Oza and co-workers with nitrites are found. ‘The decomp sition proceeds at measurable rates 
at about 540° Calcium nitrite produced only 2 to 3% nitrogen at 490° in similar periods of time 
The results tend to show that nitrate production at the expense of oxide occurs rather as, 
M,0+2NO0O;+0 — 2MNO; than as Mg0+2NO, —> MNO,+MNO; 


The action of heat on nitrites was studied by Ray (J. Chem. Soc., 1905, 87, 177). 
For barium nitrite, the reactions were represented as 


(3Ba(NO,), = 2BaO + Ba(NO,), + 4NO pis —~- 

Initial 
leBa(NO.), = BaO + Ba(NO;). + NO +N at ca 
Final: Ba(NO;}. = BaO + 2NO, + O = woe (3) 
Intermediate: Ba(NO,), = Ba(NO,). + O, -_ ins ' & 


Ray (loc. cit.) noted that the calcium and the magnesium saits gave but little nitrogen, 
whereas sodium and barium salts gave much more. Oza and Dipali (this Journal, 1950, 
27, 305) and Oza and Oza (J. Chem. Soc., 1953, 907) showed that they gave scarcely 2 to 
3% nitrogen in spite of wide difference in their decomposition temperatures. Oza and 
Oza (loc. cit.) traced this behaviour to the reaction, 


MNO; + NO — MNO, + NO,, 


explaining Ray’s nature of nitrite as referring to the stability or otherwise of the produced 
nitrate in the atmosphere of nitric oxide. Oza and Dipali (loc. cit.) and Oza and Oza 
(loc. cit.) showed also that well-defined changes occurred in the residue during the course 
of the decomposition. Oza and Shah (J. Univ, Bombay, 1942, 11, 70), Oza (this Journal, 
1945, 22, 173) and Oza and Walawalker ({ibid., 1945, 22, 243) showed that the initial 
reaction was 


— +> = 
2MnO, ._ M0 + NO + NO, 
and was soon followed by reactions consuming nitrogen dioxide, nitrite and oxide to 
produce nitrate. Oza and Walawalker (loc. cit.) showed also that the reactions 


occurred, mostly, in the mass of the decomposing nitrite. Oswald (Annalen, 1914, 403, 
32) supposed that nitrogen was produced as, 


2MNO, + NO, —> 2MNO, + N 
but Oza (loc. cit.) and Oza and co-workers demonstrated that the reaction was, 


MNO, + NO—> MNO, + N, 
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nitrogen tetroxide being first reduced to the state of nitric oxide as, 

MNO, + NO, —> MNO, + NO. 
Oza and Oza (loc. cit.) showed that nitrogen-producing reaction was conditioned by 
both the mass effect and the interface (solid-gas) effect. 

In order to obtain a further insight into the reactions producing nitrogen, a nitrite 
which would produce more nitrogen at a reasonable but not very remote from 500°- tem- 
peratures, was desired to work with. Strontium nitrite answered the need. Potassium 
nitrite (Oza and Shah, joc. cit.) produced more nitrogen at such temperatures but only on 
prolonged heating when the interface effect would be great. Strontium nitrite provided 
conditions comparable with calcium nitrite. 


ExPERIMENTAL 


Strontium nitrite was prepared according to Oza and Dipali (this Journal, 1950, 27, 
290). It was found to blacken on standing and exposure to light because of the 
traces of the silver salt in the adsorbed condition, but it became white on recrystallisation. 
[Found : Sr 49.07; NOz, 51-31. Cale. for Sr (NO,).: Sr, 48.77; NO, 51.23 per cent). 

Analyses.—The gas always contained nitric oxide in excess. Hence nitrous anhy- 
dride ‘i.e. nitrogen dioxide) was assayed by determining nitrite in the alkali buib, 
B (vide apparatus, Oza and Oza, loc.cit.). Residual gas, after absorbing nitric oxide 
in alkaline sulphite, was nitrogen. The recorded volumes are all at N.T.P. The 
residue was dissolved out, immediately after being removed from the vacuum of the 
apparatus, in boiled distilled water and immediately titrated with standard succinic acid 
for strontium oxide. Nitrite was determined as described by Oza and Oza (loc. cit.), 
and nitrate after converting the nitrite into nitrate, as recorded by Kumming and Kay 
(‘Quantitative Chemical Analysis’’, 6th ed., p. 100). 

The apparatus and procedure were the same as in Oza and Oza (ioc.cit.), tempera- 
tures being measured by a pyrometer (calibrated). 


TABLE I 
Formation of products with varying temperature, time and mass. 
Exp. Mass Time Temp. Nitrite Nitrate Oxide Gas Ratio (residue, 
No. (g.) (hrs.) consumed. formed. formed. ——— eee eee eee g mols.) 
Total. N3%. NO% NO2% NO: NQ;’: 0”. 
I 0-2534 3 540° 0.0345 g. 0.02874g 00562 g 5.85c¢. 241 663 9.6 2:1 4 :0.6 
2 0.2552 ” 560° 0.0468 0.02947 0.01256 3.32 279 540 18.1 2:3 <2 
3 9.2512 ” 600° 0.0704 0.03720 0.0224 12.30 21.5 650 13.5 833 oa 
4 0.2534 es 640° 0.1366 0.08626 0.03654 15.51 28.0 690 30 2:1.1:0.9 
5 0.2532 ” 670° 0.1816 0.09707 0 05622 24.19 25.2 67.9 6 2:0.9:1.1 
6 0.2540 - 7oo® = 0.2108 © 1047 0.07028 27.66 201 55-4 18.5 2 :0.8:1.2 
7 0.2540 I 600° 0.0269 0.02087 0.00562 7.1 24.3 56.3 19.3 221.3 20.65 
8 0.2538 2 ms 0.0520 0.03260 0 01402 93 26.2 57.6 16.2 2:3 33 
Q 0.2544 3 ” 0.9736 0.04082 0 0225 12.3 21.7 65.0 133 2:3 32 
10 0.2536 4 9 0.0970 0.04501 0 0339 14 6 227 65.¢ 12.3 2:0.8:1-2 
II 0.2534 5 , 0 1264 0.05702 0.0450 22.3 17.9 73-4 8.7 2:0.8 31.2 
12 0.2540 6 a 0.1559 0.09177 0.0450 189 18.4 76.7 4-9 2:1 31 
13 0.0610 3 + 0.03291 0.01865 0.00984 8.3 4-7 82.1 13.2 2:1 :1 
14 0.1008 3 a 0.05595 0.02586 0.01968 11.2 9.8 79.4 10.8 2:3 32 
15 0.2510 3 ” 0.0704 0.0372 0.C2245 12.3 21.5 65.0 13-4 2:Z 33 
16 0.5002 3 9» 0,1380 0.08706 0.03654 16.2 41.3 54-3 4-3 2:1:1 
17 0.7506 3 - 0.1821 0.1148 0.04879 15.7 55-0 40.2 4:7 2:n31 
18 1.0014 3 ” 0.2080 0.1352 0.05341 15.5 65.3 33-1 2.6 ir: 








tv 
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Table I contains the results of 18 experiments, the first six on the effect of tempera- 
ture (540° to 700°) on the decomposition of a fixed mass (0.25 g.) of the nitrite for a fixed 
time (3 hours) ; the next six, on the effect of time (r to 6 hours) at a constant tempera- 
ture (600°) on the decomposition of 0.25 g. of nitrite, and the last six, on the effect of 
change of mass ‘0.06 to 1.0 g.) on the decomposition, at a constant temperature (600°) for 
a fixed period of time (3 hours). The results show that in all the experiments, nitrogen 
dioxide, nitric oxide, nitrogen, strontium oxide and strontium nitrate are present in 
addition to strontium nitrite. Nitrogen forms more than 20% of the gas. Experiments 
on temperature show that proportions of nitrogen dioxide vary but those of nitric 
oxide and nitrogen do not vary much in spite of great variation in temperature ; nitrite 
used up is six times, oxide formed is twelve times and nitrate produced is less than 
four times as great at 700° as at 540° ; the normal value of the ratio, nitrite used up 
to nitrate formed to oxide produced, is 2:1;1 though at the start i.e., at low tem- 
perature, it is 2:1.4:0.6 and at highest temperature it is 2:0.8:1.2. Experiments on 
time show that the proportion of nitric oxide increases with time but that of nitrogen 
dioxide and of nitrogen diminishes: this is the effect of change in residue ratio from 
3:1:2at the start to 2:1:1 atthe end. These experiments also show the relatively high 
proportion of nitrogen dioxide in the decomposition products at earlier than at later times 
and demonstrate the nature of the initial reaction as 


2MNO, === = M0 + NO + NO,,. 


It may be observed also that nitrogen diminishes as nitrate increases in the mass, and 
nitric oxide increases also. Values of ratio alsochange. Experiments on mass demons- 
trate the effect of mass in producing nitrogen from nitric oxide (and nitrogen dioxide). 
Mass becoming sixteen times as great increases the proportion of nitrogen from 5 to 66%. 
Change in the proportion of nitric oxide is less great, while that in the proportion of 
nitrogen dioxide 1s better, showing that nitrogen is produced from nitric oxide and that 
nitrogen dioxide first gives nitric oxide. The residue in these experiments is fairly 
steady in composition as mass steadily increases and a sufficient amount of each of the 
reactants is present in the solid phase to guarantee a smooth progress of the reactions. 

It is evident from the above results that nitrogen production is caused by both the 
mass effect and the interface (i.e. surface) effect. In order to appreciate the magnitude 
of the surface effect, experiments were next conducted with nitric oxide, confined over 
the nitrite (pressure, 60 cm.) at temperatures at which the nitrite did not decompose so 
that the mass effect in the production of nitrogen was absent. Heating was continued 
for 3 hours at temperatures between 300° and 500°; mass was kept fixed (0.25 g) and the 
apparatus was also the same to present the same surface. Pure nitric oxide was prepared 
by heating silver nitrite to 140° and absorbing the nitrous gases evolved in KOH lye. 

The results recorded in Table II show that the proportion of nitrogen steadily 
increases with temperature and that nitrogen dioxide is present in steady proportions 
showing the operation of the equilibrium, 


MNO; + NO === MNO, + NO,; 
the ratio, NO,’ (formed) :NO,’ (consumed) is as 1: 1. 
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TABLE II 


Effect of nitric oxide atmosphere (60 cm. press.) below its decomposition 


temperature, on 0.250 g. strontium nitrite on a fixed surface, in 6 hrs. 


Expt. Temp. Nitrite Nitrate Oxide Gas Ratio 
No. consumed. formed. forn.ed. dencigiin instinctual sine 
Total. Np». NOg. NO,’: NO,’. 

I 300° 0 0096 g. 0.01135 g. Nil 4.7 C.C. 1.6 ¢.c, 3.1 1:1 

2 350° 0.0192 0.02246 os 5-3 2.2 3.1 > 

3 400° 0.0288 0 03405 ™ 5.8 2.7 3.1 1:1 

4 450° 0.0423 0.04975 " 71 3-7 3-4 I: 

5 500° 0.0693 0.08162 - 11.0 7.6 3-4 | 


DISCUSSION 


The indications of these experiments are that strontium nitrite, like other nitrites 
studied so far by Oza and co-workers, dissociates at about 550° as 


Sr (NO,). ef SrO + NO + NO, = —— 


A part of the nitrogen dioxide immediately acts on the nitrite in the mass to produce 
nitrate as, 
Sr (NO,), + NO, —> Sr (NO;), + NO a sa 


and another portion of it acts on strontium oxide as, 

SrO + 2NO, + O—> Sr(NO,). = ia te 
and only a part of it escapes the system. The nitrate-forming reaction which occurs at 
the expense of strontium oxide, appears to be (3) and not, as, so far assumed, 

2SrO + 4NO, —> Sr (NO,). + Sr (NOs)2, 
for, the experiments show that the initial ratio in this case is 3:2: 1 and not 3:1:2 


(Ray, loc. cit. Oza and Dipali, loc.cit., Oza and Oza, loc.cit.) and that nitrite con- 
sumption is smooth. Nitrite is reproduced in the mass only as, 


Sr(NO;). + 2NO —> Sr(NO,), + 2NO, ion oa & 


so that equation (2) is reversible. Under the conditions of these experiments, the rever- 
sible reaction is quite prominent. It comes into being as soon as nitrate and nitric 
oxide accumulate to optimum concentrations in the decomposing mass. Oxygen required 
for equation (3) comes from the dissociation of nitrogen dioxide (Richardson, J. Chem. 
Soc., 1887, 51, 347; Bodenstein and Kotayama, Z. Elektrochem., 1909, 18, 244) as 


NO, 2” NO +0. 


Equation (3) is the reverse of the ‘final’ equation (3) of Ray (loc. cit). The condi- 
tions for this are under further investigation. The present work shows that upto about 
500°, this reaction produces nitrate, while after 640° oxide is formed from the nitrate 
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by the reverse form of this equation. Baekland (J. Amer. Chem. Soc., 1904, 26, 392) 
observed that the mixture of nitrogen dioxide and oxygen evolved by decomposing lead 
nitrate was completely absorbed by the product (i.e., presumably, lead oxide) when the 
temperature was allowed to fall. Nitrogen is produced as, 


Sr NO,), + 2NO — Sr(NO,), + Nz a oe. an 


and the reaction occurs both in the mass and at the interface of the solid and gas. 
Mass effect is quite appreciable but the interface effect is by no means small. 

Thanks are due to Shri V. T. Oza, M.Sc., and Shri R. H. Thaker, M.Sc., for un- 
grudging assistance in the work. 


THE INORGANIC AND PHyYsICAL CHEMISTRY RESEARCH LABORATORY, Received April 5, 1954. 
THe M.R. Scrence Institute, GUJARAT COLLEGE. AHMEDABAD. 


THERMAL DECOMPOSITION OF STRONTIUM HYPONITRITE 
By TRAMBAKLAL MOHANLAL OzA AND SHIVABHAI A, PATEL 


Nitric oxide and nitrate are found altogether absent in the products of decomposition >f strontium 
hyponitrite pentahydrate. The residue, if heated to 620°, produces nitrogen. Nitric oxide and nitro- 
gen are present toa small extent in the decomposition Products of the hyponitrite, if the latter is 
suddenly decomposed at 620°, The observations prove that the nitric oxide and nitrate arise from 
the decomposition of nitrite formed in the primary stage of the decomposition of the hyponitrite. 


Pure alkaline earth hyponitrites were decomposed and equations were assigned 
by Partington and Shah (J. Chem. Soc., 1932, 2589). Divers (ibid , 1899, 78, 117), Ray 
and Ganguli (ibid., 1907, 91, 1399, 1866) and others (Kirschner, Z. anorg. Chem., 1808, 
16, 424; A. Thum, Monatsch., 1893, 14, 294 ; Sitzungber. Akad. Wiss. Wien, 1893, 102, 
284 ;Partington and Shah, J. Chem. Soc., 1931, 2071) studied the decomposition of hyponi- 
trites and hyponitrous acid and described the findings by complicated chemical equa- 
tions, Further, different products were reported to arise from different hyponitrites, 
Thus, the sodium salt decomposed according to 


3Na,N,0, = 2Na,0 + 2NaNO, + 2N, a a oF 
the lead and the copper salts as 
MN,O, = MO+N,0 _ wee (2) 
while the calcium, strontium and barium salts as in (2) and also as, 
5MN,0, = M(NO;).+4MO+4N, _ wee (3) 


and, 2MN,0, = 2MO+2NO+N, ade vee (4) 
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Oza ‘this Journal, 1944, 241, 71; 1045, 22, 225) studied the sodium salt and 
suggested that the production of nitric oxide, found in the decomposition products 
of hyponitrites, might be ascribed to the decomposition of the nitrite formed in the 
primary stage, as in (1), and to be regarded as a product of the secondary change 
which produced nitrate simultaneously (Ray, J. Chem. Soc., 1905, 87, 177). 


Oza and Oza (ibid., 1953, 907, 909) studied the thermal decomposition of calcium 
nitrite and calcium hyponitrite tetrahydrate and reported, amongst other new observa- 
tions, evidence to show that nitric oxide, in the case of the hyponitrite, was produced 
by the decomposition in the secondary stage of the nitrite formed as in (1). 


The present investigation on the decomposition of weighed amounts of strontium 
hyponitrite, in vacuo, shows that not a trace of nitric oxide or nitrate is present in the 
decomposition products of strontium hyponitrite (cf. Partington and Shah, loc, cit.) 
between 280° and 350,° in any of the experiments with varying masses even when the 
residue left afler the decomposition is heated at the temperature for over one hour. 
It will be seen from the preceding paper (p. 119) that strontium nitrite does not 
decompose below 500° under the conditions of these experiments. 


EXPERIMENTAL 


Strontium hyponitrite pentahydrate was prepared according to Partington and Shah 
(loc.cit.). (Found : Sr, 37.08; N, 11.95. Calc. for SrN,O,, 5H,0: Sr, 36.7; N, 11.8 
per cent). It was subjected to analysis by the usual procedure. 


The gas on analysis was found to contain only nitrous oxide and nitrogen. The 
alkali in the bulb did not show even a trace of nitrous anhydride (cf. Oza and Oza. 
loc.cit.). Nitrous oxide was absorbed out in cold alcohol. In the 620° experiment 
where nitric oxide was present, the gas was absorbed in alkaline sulphite, previously 
saturated with nitrous oxide, and then nitrous oxide was determined. All recorded 
volumes were at N.T.P. Residue was dissolved immediately after removal from vacuum, 
in boiled distilled water and an aliquot portion boiled out to decompose the residaal 
hyponitrite, aud strontium oxide was then titrated. As strontium oxide is formed in 
the hydrolysis of the hyponitrite, the values, recorded in the table, do not represent 
that formed in the decomposition. Nitrite was determined as usual (Oza and-Oza, 
loc. cit. p., 907). Nitrate was tested for by the phenol sulphonic acid reagent. 


The apparatus and procedure were just the same as descrsted by Oza and Oza 
(loc. cit.). 

Table I records the results of the experiments 1 to 3 with different masses at a 
constant temperature (350°), heating being continued for one hour even after gas evolu- 
tion had ceased; expt. 4 to 7 with 0.15 g. of hyponitrite at 280°, 309°, 320° and 340° for 
20 minutes. It was found that 0.05 g. of strontium hyponitrite did not decompose at 
280° but v.1 g. did. 
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TABLE T 


Decomposition of Sr N.O., 5H2O0 at temps. up to 350°. 


Residue Gas (c.c.) 

Expt. CO my - 
No, Mass. Temp. Time. SrO Sr(NOg)2 Total N,0%. Ne%. 

I 0.0500 g. 350° 120 min. 9.008433 g. 0.02381 g 3-7 g. 64.9 35-1 

2 0.1500 - ™ 0.04996 0.62679 10.8 §0.9 491 

3 0.2500 ” ” 0.08941 0.03399 19.3 62.2 37.8 

4 0.1500 280° 20 0.01265 0.01268 2.07 73.9 26.1 

5 we 300° rm 0.03092 0.02113 11.25 58.4 41.6 
6 *” 320° 9 0.03373 0.03226 13.86 62.55 37-45 
7 ” 340° - 0.03629 0.04226 19.71 61.65 38.35 


DISCUSSION 


The results show that only nitrite aud oxide, in addition to undecomposed hyponi- 
trite, if any, are present in the residue, while nitrous oxide and nitrogen are present 
in the gas. Further, as in the case with the calcium salt, iow temperature and larger 
mass facititate the production of nitrous oxide. Nitric oxide and nitrate are altogether 
absent. ‘To throw further light on the observation, two experiments were performed : 
one (expt. 8) on decomposing the hyponitrite suddenly at 620° and the other (expt. 9) 
on heating the products of the decomposition, obtained by decomposing the hyponitrite 
at 350°, to 620°, for two hours. The gas formed at 350° was pumped off separately 
from that formed at 620°. The results are shown in Table Il. Expt. 8 shows the 
presence of nitrate and nitric oxide. Expt. 9 does not show nitric oxide nor does it 
show nitrous oxide; nitrate is also absent. Only nitrogen is formed at the higher 
temperature. 


TABLE II 


Decomposition of SrN2U2, 5H,.O (i) at 620° and (ii) at 350° followed by 
that of the residue at 620°. 


Residue (g.) G as (e-c.) 
Expt. Mass. Temp. Time. SrO. Sr(NO,)9. Sr(NO3)g Total. N,O. N3. NO. NOs, 
No. 
8 *0.2500 g. 620° 120 min, 0.06308 0.04602 0.02734 *150 5.00 6.6 2.0 1.4 
350° 120 22.2 9.20 { 13.0 es 3g 
9 0.2500 620° 120 0.08445 004202 Trace 5.6 i a9 


“Some substance was in part hurled out of its place so that only a smaller quantity had got decomposed. 


6—1851P—7. 
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Expt. 8 confirms the view regarding the origin of nitric oxide and nitrate, advanced 
by Oza (loc. cit.). It is formed as, 


from nitrite formed from the hyponitrite as in eq. (1). Expt. 9 shows that nitrite, 
in small amouuts, docs not decompose under the conditions of these experiments. Such 
tendency has been noticed with all nitrites. Further, traces of the hyponitrie, left 
undecomposed at 350°, and thereiore presumably in the anhydrous state, produce only 
nitrogen in the decomposition as in eq. (1). This behaviour is in iine with that of the 
sodium salt (cf. Divers, loc. cit.) and with what is to be expected of the anhydrous 
calcium salt (cf. Oza and Oza, loc. cit.). 

The observations made in this work enable the authors to dismiss finally the equa- 
tions (3) and (4), given above, by Partington and Shah (loc. cit.) and show further 
that the equations {1) and (2) denote the changes occurring in the alkali and alkaline 
earth hyponitrites, both. 


C.C. Shah (this Journal, 1946, 28, 109) made an adverse criticism of the work of 
Oza (loc. cit.). The observations then made by Oza and also others, published later 
(e.g., Oza and Walawalker, J. Indian Chem Soc., Ind & News Ed., 1946, 9, 57; Oza, 
Dipali and Oza, this Journal, 1951, 28, 409) have since been confirmed by the work of 
Addison, Gamlen and Thompson ‘J. Chem. Soc., 1952, 338, 346) on the action of nitrogen 
tetroxide on sodium hyponitrite, The present work shows that the observation of 
Partington and Shah regarding the occurrence of 11% nitric oxide in the gaseous 
products of decomposition of strontium [yponitrite cannot be confirmed. This work 
and that published by Oza and Oza (loc. cit.) leave no doubt that nitrate should be 
present in the residue if nitric oxide is present in the gas. Partington and Shah do not 
report the presence of any nitrate in the residue. The present work therefore affords 
a strong confirmation of the original view on the mechanism of the production of 
nitric oxide in the decomposition of alkaline earth hyponitrites. 

Further work to study the quantitative relations in the residual products is in 
progress. 

Thanks are due to Shri V. T. Oza, M.Sc., and Shri R. H. Thaker, M.Sc., for 
ungrudging assistance during the progress of the work. 


THE INORGANIC AND PHYSICAL RESEARCH LABORATORY, 
THe M.R. Science INstTitutse, Gujarat COLLecs, Received April 5, 1954, 
AHMEDABAD, 
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PRODUCTION OF THE JOSHI EFFECT IN OXYGEN UNDER SILENT 
ELECTRIC DISCHARGE. PART X. COMPARATIVE STUDIES 
IN STATIONARY AND FLOWING GAS 


By S. R. Monmanty, Ch. B N. Nanpa’ anp S. C. Monanry’ 


Comparative studies of the Joshi effect + Ai have been made in (é) stationary and (ii) flowing 
oxygen in a Siemens’ tube excited by different potentials (1-5kV, r.ms.) V of 50 cycles frequency, and 
at various gas pressures (25-100 mm. Hg) pO, and drift velocities (05-70 cm /sec.). The ‘threshold 
potential’ V,. is independent of conditions (i) and (ii) At constant V and PO), the disch:rge current 
in dark ip, the net negative effect — Ai and the relative effect — % Ai are greater for (i) than for (ii), 
and diminish progressively with the drift velocity. These observations cannot be accouted for by the 
negligibly smaJl difference (ca.o 1mm.) between PO, in (i) and the mean PO, in (fi), and bv the pro- 
gressive increase in ozone concentration. The amplitudes of the H.F. puises as observed in an oscillo- 
graph diminish with increase in the drift velocity. This reduces the proportion of the H.F. in the 
total current leading to, since —Aié is preferentially incident in the HF. region of i, the observed 
diminution in — Ai. 

According to Joshi, — Ai is due to a negative space charge resulting from capture by the electro- 
negative elements in the discharge, of electrons released under the external light, from an adsorption- 
like layer on the electrodes. The observed decrease in — Ai due to flow follows from a like change in 
wall adsorpticn (on account of the viscous drag of the flowing gas) and accompanying phots-electron 
emission, and from attenuation of the space charge. 


The preliminary observations of the authors Mohanty, Nanda and Mohanty, Proc. 
Indian Sci. Cong., 1952, Part III, Phys. Sec., Abst. No. 24) revealed that the negative 
Joshi effect — Ai in oxygen was greater, at constant applied potential V and gas pressure 
pO., for the stationary than for the flowing gas. It appeared desirable therefore to 
study in some detail the variation of Si in the gas at different pO, and applied V with 
the rate of flow (and therefore, the drift velocity) over a wide range. 


ExPERIMENTAL 


The general assemblage of apparatus is shown in Fig. 1. It consisted essentially 
of a discharge vessel formed with two co-axial (Indian soft soda) glass tubes fused 
together as in a Siemens’ ozoniser. This last had the following dimensions : 


Externa! diameter of the outer tube see 22 mm. 

Internal be ae des « - i 19 

External ,, jg os ee 4 ies II 

Internal - ai ae ol 7 -" 8 

Thickness of the glass wall i 1.5 

Inter-electrode disiance = 4 

Length of the discharge space on 235 cm. 

Cross-sectional area of the annular space me 7-538 sq. cm 
N.B. 1. Present addess. Ravenshow College, Cuttack. 


2. fe Control Laboratory, Hindusthan Motors. Calcutta 
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The ozoniser was connected on the one hand through tap T,, a capillary tube 
mercury manometer Mz, tap T;, a flow-meter F and tap T; to a reservoir of known voluine 
(12.8 litres) R ; and through tap T, to a Cenco ‘Hyvac’ pump and Topler on the other. 
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The pressure of gas in the reservoir could be determined with the mercury manometer 
M,. The manometer M, which contained Apiezon oil was connected to the ozoniser 
ends, and in conjunction with a cathetometer, indicated the (very smafl) pressure 
difference between the same, during flow (vide infra) ; it was provided with two taps 
(not shown in Fig. 1), one at either end, by closing which it could be isolated, when 
not in use, from the rest of the apparatus. A hard glass tube H, plugged with glass- 
wool, contained pure potassium permanganate, and was connected to R through a train 
of purifying tubes containing respectively fused CaCl,, KOH and P,O;, and tap Ts. 
The entire assembly was tested for a satisfactory vacuum before commencing any given 
series of experiments. 


Oxygen was prepared by carefully heating the potassium permanganate, and was 
led slowly through the purifying tubes. ‘The first lot of the evolved gas was rejected 
by pumping off. Another fraction of the gas was utilised for washing repeatedly the 
entire apparatus, was subjected to discharge in the ozoniser, and pumped off. The 
middle portion of the evolved gas, duly purified, was collected in R. 


The electrical connections are shown in Fig. 1. The ozoniser terminals were 
represented by a 10% solution of sodium chloride inside the inner tube and a helix 
of bright copper wire (the distance between two consecutive turns being sufficiently 
large to permit irradiation of the enclosed gas) on the outer tube. The discharge 
current i flowing through the ozoniser was observed with a mirror galvanometer G, 
actuated by a Cambridge vacuo-junction (V.J., Fig. 1). 
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For obtaining a stream of oxygen through the ozoniser, taps T; to T, were opened 
and the ‘Hyvac’ run. By manipulating taps T; and T;,, flow at a certain constant 
manometric head in the flow-meter, and at a given pressure in the ozoniser, recorded 
by M,, was obtained. The ozoniser was excited at different V, and Ai observations 
made. From a knowledge of the pressure drop in R and the duration of flow, the 
volume of oxygen streamed through the ozoniser per minute could be calculated, and 
from this and the cross-sectional area of the annular space, the velocity of drift in 
em./sec. The rate of gas flow was varied, pressure in the ozoniser remaining the same, 
and Ai observations repeated. Lest the ozoue formed would corrode the ‘Hyvac’, the 
exit gases from the ozoniser were passed through a tube containing MnQ, and heated 
electrically to about 200°. For studying Aji in stationary oxygen, the gas was confined 
in the ozoniser by closing taps T, and Ts. 

The source of light consisted of a 200 watt incandescent filament (glass) lamp run 
at 200 volts, and placed at a distance of 19 cin. from the ozoniser. The mode of 
observations of Ai was similar to that described earlier (Mohanty and Kamath, this 
Journal, 1948, 25, 405). 

In Table I, which represents but one typical set of results, are shown the discharge 
current in dark ip, that under light i, the net negative Joshi effect —Ai and the propor- 
tional effect —%Ai for oxygen stationary at different gas pressures (25-100 mm. Hy; 
23-26°), and flowing at various rates (10-300 c.c. NTP/minute) and pressures in the 
above range, when excited at different applied potentials (1-6 kV, r.m.s.) V; values 
for the drift velocity in cm./sec. are under the conditions of meen pressure and tempera- 
ture obtaining during the experiment. In Fig. 2 are shown ip —4i curves for stationary 
(represented by ‘S’) and flowing oxygen (the qualifying figures referring to the rate of 
flow in c.c. NTP/minute) oxygen. 

Oscillographic studies of the discharge current were made iu dark and in light, 
for stationary and flowing oxygen, with a DuMont instrument. | Input to this last was 
obtained from across a sensibly non-capacitative and non-inductive resistance of 15 kQ 
in the L.T. of the ozoniser. A typical set of oscillograms (for V = 4.01 kV; pO, = 75 
mm., rate of flow = 221 c.c. NTP/minute) is given in Fig. 3. 


DISCUSSION 


That the ‘threshold potential’ V,, for oxygen is a linear function of the gas pressure 
pO, over a wide range, has been observed by Mohanty and Kamath (loc. cit.) in 
Siemens’ tubes, and by Mohanty (this Journal, 1949, 26, 553) in wire-in-cyiinder type 
discharge tubes. Results of the present investigations are in agreement with the . bove 
observations; values for V» (obtained by extrapolation of the corresponding V —i, charac- 
teristics) at different pO, are: 

pO» (mm.) me 26 45 67 75 08 
V.. (kV, r. m.s) ss 0.27 0.53 0.80 0.96 1.28 

It is of interest to note that V,, at a given pO, is the same for oxygen, stationary 
and flowing through the ozoniser at widely different rates. The observations of 
Ramanamurti (Proc. Indian Sci. Cong., 1951, Part III, Phys. Sec., Abst. No. 34) for 
nitrogen are similar. 
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FIG. 2 


Variation of the rate of flow of — Ai in oxygen at constant ip. 
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DISCHARGE CURRENT IN DARK i, 


Whereas the net negative effect — Ai increases with V, the relative effect —%Ai is 
maximum near V» and diminishes thereafter (cf. Table I). Thus, at pO, = 45 mm., 
—Ai for the stationary gas increases from 2.59 at 1.34 kV to 4.36 at 4.54 kV; the 
corresponding values for —%4i are -respectively 35.6 and <2.4. In oxygen flowing 
through the ozoniser at the rate of 87 c.c. NIP/minute (corresponding to a drift velocity 
of 3.54 cm./sec.) and at the above pO,, —Aji increases from 2.00 to 2.52 and —%Aji 
decreases from 27.5 to 14.9, over the same V range. 


At constant V, both -—Ai and —%Ai for stationary oxygen increase with pO, 
(Table I). Under conditions of constant ip, the variation with pO, of —Aji (and there- 
fore, of —%A4i)~is similar. This will be evident from the following table which 
records values for —Aijat different ip (read off from the — Ai —ip curves in Fig. 2) asa 


function of pO,: 
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TABLE II 
in/pO, (mm.) 26. 45. 67. 75. 98. 
10 2.16 3.00 3.05 3-42 3-55 
12 2.31 3.32 3.65 4.11 4.20 
14 2.43 3-58 415 4.72 4.83 


The above observations are in agreement with the earlier findings of Mohanty and 
Kamath (loc. cit.) and of Mohanty (loc. cit.). 

The gas pressure pO, and the applied V remaining the same, fp decreases with 
the drift velocity at first rapidly and then slowly ; this behaviour is more marked at 
higher than at low pO,. Thus e.g., for pO, = 45 mm. and at 4.01 kV, values for ip 
at o, 1.26, 1.87, 3.54 and 5.17 cm./sec. are 17.46, 16.52; 15.84, 15-43 and 15.07 respec- 
tively. At pO, = 95mm. and the same V, ip values for 0, 1.01 and 1.57 cm./sec. are 
respectively 25.92, 17.69 and 17.29. ‘The diminution of i, with the drjft velocity is 
less marked. Thus, at 67 mm. and 2.40 kV, values for i, are 8.89, 8.83, 8.83, 8.54 and 
8.54 for 0, 1.60, 3.03, 5.06 and 7.02 cm./sec. respectively. 

Both —Ai and —%Ai, at constant pO, and V, diminish with the drift velocity, 
at first rapidly and then slowly, the initial rapid diminution being more pronounced 
at higher pO, and V. Thus e.g., —Ai at the lowest pressure investigated, viz., 26 mm., 
and at 4.01 kV, in the stationary gas (Table ]) is 2.42. Increase of the drift velocity 
(from zero) to 0.986 cm./sec. decreases it to 1.91. It is 1.49 at 2.39 cm./sec. Further 
increase in the drift velocity to 3.66 cm./sec. reduces it only to1.41. The corres- 
ponding values of —%Ai are respectively 17.2, 15.1, 11.9 and 11.4. At 75 mm. and 
2.40kV, ~-Aji for stationary oxygen is 4.64. Increase of the drift velocity to 1.64 
em./sec. diminishes it to 3.44, i.e., by 1.20 units, A 1.7-fold increase in the drift 
velocity to 2.73 cm./sec. decreases it to 3.14, and a 3.3-fold increase, only to 2.82. 
The relative effect —%Ai is 33.5 in stationary oxygen, decreases to 27.0 for the gas 
with a drift velocity of 1.64 cm./sec. and only to 23.4 for 5.39 cm./sec. Ata higher 
V, viz., 4.54kV, and the same $0,, values for —%Ai for 0, 1.64, 2.73, 3.47 and 
5.39 cm./sec. are 27.3, 21.8, 20.7, 18.8 and 17.2. Atthe highest pO, investigated, 
viz., 098 mm., both —Ai and —%A4i in the flowing gas do not vary appreciably with 
the drift velocity increased from 1.01 to 1.57cm./sec. Thus, —%Aji for the above 
pO, and at 3.47 kV are, for o, 1.01 and 1.57 cm./sec., 33-6, 14.2 and 13.8 respectively. 
That at constant i, variation in —Ai (and therefore, in — %Aji) due to flow at different 
pO, is similar is evident from Fig. 2. 

The difference in gas pressure at the ozoniser ends during flow, determined with 
the Apiezon oil manometer M;, was never greater than 0.2 mm. Hg. In view of the 
magnitude of the pressure variation of —Ai, discussed above, the marked diminution 
of —Ai due to flow cannot be accounted for by the negligibly small difference (of the 
order of 0.1 mm.) between the pressure of the stationary gas and the mean pressure 
during flow. 

The concentration of ozone formed in the silent discharge at constant applied V 
and pO, is small in stationary oxygen, and increases with the rate of flow (Rideal, 
“Ozone,” Constable, London, 1920). It has been shown by Mohanty (this Journal, 
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1949, 26, 2091), however, that there is no correspondence between the production of 
ozone and the magnitude of —Ai in oxygen, The observed decrease in —Ai due to 
flow cannot therefore be due to the opposite change in ozone concentration. 

FIG. 3 


Oscillograms of the discharge current through stationary and, flowing oxygen (V=1.01kV) 


Stationary Oxygen 
(po, =75 mm) 


1 


Flowing Oxygen 
(po,=75 mm; 22Icc NTP /minute) 


A, ty 


DARK LIGHT 

















As will be evident from the oscillograms in Fig. 3, the discharge current at V>Vm 
consists of a number of pulses per half-cycle. Irradiation reduces the height of the 
H.F. pulses, leading to —Ai. A like reduction accompanies the change in the state 
of the gas from stationary to flowing, and a further progressive decrease with the drift 
velocity. This would diminish the proportion of the H.F. in the total current and 
therefore, (since —Aji is preferentially incident in the H.F. region of é) the observed 
decrease in — Ai due to flow. 

The theory of the effect as advanced by Joshi ‘Proc. Indian Sci. Cong., 1946, 
Part III, Phys. Sec., Abst. No. 26; 1947, Phys. Sec., Abst. No. 25; Curr. Sci., 1946, 
15, 281 ; 1947, 16, 19) contemplates three stages: (i) Formation on the ozoniser walls of 
a boundary layer derived, in part, from adsorption of ions and excited molecules under 
the applied field, when intense enough to break down the gas dielectrically (above Vm) ; 
(ii) electron emission from this electrode layer under external irradiation ; and (i#i) capture 
of these photoelectrons by the electro-negative elements in the discharge space to form 
slow moving negative ions which reduce i by a space charge effect. That —4¢ is 
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smaller for flowing than for stationary oxygen and that it decreases progressively with 
the drift velocity, follow from the following: Due to the viscous drag of the flowing 
gas, wall-adsorption is less in flowing than in stationary oxygen. ‘The photoelectron 
emission is consequently less. Further, the negative space charge, which is immediately 
responsible for —Ai, is attenuated. ‘These effects are more marked, the greater the drift 
velocity. 

The authors’ grateful thanks are due to Sir J. C. Ghosh for kindly suggesting the 
problem, and to Prof. S. S. Joshi for his keen interest and valuable advice. 
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FORMATION OF COMPLEX COMPOUNDS BETWEEN UREA AND ALKALINE 
EARTH HALIDES. PART V. THE SYSTEM BaBr,—CO(NH,),—H,O : 
SURFACE TENSION AND REFRACTIVE INDEX 


By C. S. PANDE AND M. P. BHATNAGAR 


Surface tension and refractivity measurements of a series of mixed solutions of barium bromide 
and urea reveal the existence of four complex compounds, namely. (i) 2BaBrg.CO(NHg),, (ii) BaBrg. 
CO(NHp)2, (iii) BaBrg.2CO(NH ), and (iv) BaBry.4CO(NHg),. The observations are in conformity with 
those obtained by viscosity and conductivity. 


Carli (Atti Accad. Lincei., 1932, 18, 747 ) prepared the complex compounds of urea 
with bromides of calcium and strontium. The system barium bromide-urea-water 
has been investigated by us with a view to ascertaining whether analogous compounds 
exist in this system also. 


ExPERIMENTAL 


The reagents used were of extra pure quality. Barium bromide was further 
purified by repeated crystallisations from conductivity water. A set of thirty mixed 
solutions of barium bromide and urea was prepared by the method of monovariation (Nayar 
and Pande, Proc. Ind. Acad. Sci., 1948, 27A, 286; Pande and Bhatnagar, this Journal, 
1954, 31, 405). Measurements of surface tensio® and its calculation were done as described 
in Part II of this series (loc. cit.). 

Density was determined by the Pyknometer method. ‘The refractive index of each 
solution was calculated from the critical angles noted by the critical angle refractometer 
(Bellingham & Stanley Ltd.), using the relation : 


# = sin 60 1.75" — sin’x — cos 60 sin x. 


All measurements were carried out in a thermostat maintained at 25°. The values of 
surface tension and refractive index are tabulated below. 


TABLE I 
Urea (2M) added Surface Ref, index. Urea (2M) added Surface Ref, index. 
to 10 c.c. of tension. to 10 c.c. of tension. 
BaBrg (1.0M). BaBry (1.0M) 

0.0 C4Cs 73-856 1.33264 15.0 73.620 1.3377 
1.0 73.876 1.33286 17,0 73.563 1.33840 
2.0 3-778 1.33332 18.0 73-533 1.33876 
2.5 73-461 1.33346 19.0 73-460 1.33917 
3-0 73-598 1.33354 20,0 73-120 1.34058 
4.0 73.601 1.33400 22.0 73-461 1.34016 
5.0 73-323 1.33543 23.0 73-501 1.34953 
6.0 73.558 1.33472 24.0 73-533 1.34084 
7.0 73.508 1.33514 25.0 73.556 1.34134 
8.0 73.558 1.3354! 27.0 73-575 1.34193 
9.0 73-548 1.33595 28.0 73-591 1.34237 
10.0 73.290 1.33641 29.0 73.611 1.34260 
12.0 73.590 1.33681 30.0 73.615 1.34306 
13.0 73-631 1.33717 32.0 73.636 1.34360 


14.0 73-630 1.33740 34.0 73-635 1.34432 








oo co 


aD 






























FORMATION OF COMPLEX COMPOUNDS BETWEEN UREA, ETC. 537 





The values of refractive index are represented graphically in Fig. 1. It is seen 
that there are four distinct kinks, the molecular ratios between barium bromide and urea 
at these points correspond to the formation of the compounds of molecular formulae : 
2BaBr,.CO(NH,}., BaBr,.CO(NH,),, BaBr,.2CO(NH,), and BaBr,.4CO(NH,j)>. 


It may be noted here that the drop count, without any further calculations, gives 
a curve similar to those obtained with properties deduced as a result of elaborate 
calculations (Nayar and Pande, Proc. Ind. Acad. Sci., 1948, 27A, 346; Pande and 
Bhatnagar, this Journal, 1954, 31, 402, 405). 


The results of refractive index are brought out more prominently by plotting My/c.c. 
of the solutions shown in Fig. 1. 
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2M urea (c.c.) added to 10 c.c. BaBrg soln. (1M). 


The evidence for the existence of the above mentioned compounds becomes un- 
equivocal when such widely differing properties like conductivity, viscosity, surface 
tension and refractive index yield exactly similar results. Attempts are being made 
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to crystallise out these complexes in the pure, solid state the results of which will be 
communicated in due course. 


The authors’ sincerest thanks are due to Prof. A. C. Chatterji for his kind interest 


and also to the Scientific Research Grant Committee (U. P. Govt.), for a contingency 
grant. 
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PRODUCTION OF THE JOSHI EFFECT IN OXYGEN UNDER SILENT 
ELECTRIC DISCHARGE. PART XI. STUDIES UNDER 
‘SLEEVE’ EXCITATION 


By S. R. Monanty, T. D. Prasapa Rao’ anp R. RamatAn’ 


The Joshi effect + Ai has been studied in oxygen, excited by transformer discharge, in glass t ubes 
(4-18 mm. internal diameter D) with external ‘sleeve’ electrodes (1-4cm. apart d) at different pO, 
(10-80 mm. Hg, 31° and 32°) and potential V (3-8kV,rm_s,). The ‘threshold potential’ V , at a given 
d and D, varies linearly with fO», and with d at constant pO, and D;; it first decreases. PO, and d 
remaining the same, with D and remains stationary afterwards. The net negative effect -Aiina given 
tube at constant d and dark current ip is maximum at 60 mm., and at d=3.0 cm. at constant pO,. 
It is not influenced, under similar ip condition, by D. The positive effect + Ai (current increase under 
light) is observed at low V and D, decreases with V and changes sign (to -Ai) above an inversion 
potential Vj, 


Earlier work on the Joshi effect +4i in oxygen was confined to transformer dis- 
charges in Siemens ’ and wire-in-cylinder type tubes. The present work, an extension 
of the preliminary investigations of the authors (Proc. Indian Sci. Cong., 1953, Part III, 
Chem. Sec., Abst. Nos. 83 and 8&4), refers to excitation in cylindrical glass tubes of 
different internal diameters D with external ‘sleeves’ separated by varying distances d 
at different gas pressures pO, and potentials V. 


ExPERIMENTAL 


The general assemblage of apparatus and the experimental procedure were similar 
to those already described (Mohanty and Kamath, this Journal, 1948, 25, 405). The 
discharge current i was observed, in dark ip and under light iz, with a sensitive mirror 
galvanometer G, actuated by a Cambridge vacuo-junction V.J. (Fig. 1). A 200 watt 
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incandescent (glass) filament lamp, run at 200 volts, constituted the source of light; its 
distance from the discharge tube (s) was kept constant for a given set of observations. 
Purified oxygen at different pressures (10-80mm, Hg, 32°) was introduced into 
a cylindrical glass tube ‘internal and external diameters 17.3 and 20.1 mm. respectively). 
Two ‘sleeves’ of bright copper foil, each 1 mm. wide, on the tube separated by 2.4 cm. 
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constituted the electrodes. The gas was excited at various V (3-8 kV, r.m.s.) of 50 
cyc./sec. frequency and Ai observations made (Table I, Fig. 2). The influence of inter- 
‘sleeve’ distance d (1-4 cm.) on Ai (‘Iable II, Fig. 3) was studied with the above tube 
at pO,=28 mm. (31°), and over 4-7 kV. For investigating the variation of Ai with 
the internal diameter D of tube, three glass tubes of different D (4-17 mm.) and of ap- 
proximately the same wall-thickness (0.93 mm.) were filled with oxygen at 62 mm. (32°) 
and sealed off. Observations on Ai were made at d=2.5 cm. and different V (4-8 kV) 
(Table ITI, Fig. 4). 


TABLE I 


Variation with gas pressure and applied potential of the Joshi effect in oxygen under 
sleeve’ excitation, 


Temp. = 32°. Diameter of the tube = inner, 17.3 mm., outer, 20.1 mm. 
Inter-sleeve distance = 2.4 cm. Frequency of A.C. supply = 50 cyc./sec. 
Detector =vacuo-junction. Source of light = one 200 volt, 200 watt (glass) 
bulb, 19 cm. from the tube. 


V pO,(mm.) > 14. 31. 46. 60. 75 
(kV, 
t.m.s.) 
ip 5-75 
it 3-16 
3.20 -Ai 2.59 
-% Ai 45.0 
ip 6.71 6.63 
iL 3.61 3-16 
3-74 Ai 3-10 3-47 
-% Af 46.2 57-2 
ip 7.21 8.00 7.48 
it 4.12 3.61 2.83 
4-27 Ai 3-09 4.39 4.65 
-% Af 42.9 54.9 62.2 
ip 7-75 9.22 8.66 8.06 
it 4-69 4-47 3-46 3-16 
4.81 Ai 3-06 4-75 5.20 4-90 
-% Ai 39.5 51.5 60.1 60.8 
ip 8.43 10.4 9.80 9.43 7.81 
iu 5-39 5-39 4-47 4.30 2.83 
5.34 Ai 3-04 5.0% 5-33 5-13 4.98 
-% Al 36.1 48.2 54-4 54.4 63.8 
ip 9.06 11.14 11.49 10.15 9.22 
it 5.83 6.33 5.57 4.69 3-74 
5.27 Ai 3-23 4.81 5-92 5+46 5.48 
-% Ai 33.6 43-2 51.5 53.8 59.4 
ip 11,66 12.61 12.09 10.44 
it 6.93 6.71 6.32 4.80 
6.41 Ai 4-73 5.99 5-67 5-64 
-% Bi 40.9 46.8 46.9 54-0 
le 12.53 12.96 13.38 11.74 
ix 7-68 7-28 7-35 5-75 
6.14 Ai 4.85 5-68 6.03 5-99 
-% Ai 38.7 43.8 45-1 51.0 
ip 13.35 13.23 
it, 8.co 6 78 
7.48 Ai 5-35 6.45 
-% Ai 40.1 48.8 
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TABLE II 


Dependence of the Joshi effect in oxygen on the inter-sleeve distance d at constant 
gas pressure and tube diameter. 


p0,= 28mm. Temp.= 31°. Diameter of the tube = 17.3 mm., (inner) ; 20.1 
mm. (outer). Frequency of A.C. supply = so cyc./sec. Detector = vacuo-junction. 
Source of light = one 200 volts, 200 watt (glass) bulb, 17 cm. from the tube. 


Vv d(cm,) -> 1.0. Bite 2,0 3.0. 4.0 
(kV, 
r.m.s.) 
i 4.90 
11 4.24 
4.01 —Ai 66 
—% Ai 13.5 
tp 10.24 10.68 
tL 4.55 3.49 
4.27 Ai 5.66 7.22 
lo Li 55-3 67.6 
ip 12.84 13.11 10.10 
it 5.20 3.46 2.45 
4-54 Ai 7.54 9-65 7-05 
% Li 59-5 73-6 75.8 
ip 14.56 14.49 11.62 
tp 5.20 3 46 2.45 
4.81 Ai 9.36 11.03 9.17 
% Li 64.3 76.1 78.9 
tp 17.12 15.71 13.23 8 00 
iL 5.39 3.46 2.45 1.41 
5.97 Ai 11.73 12.25 10,78 6 59 
% hi 68.5 77-9 81.5 8:4 
tp 18.58 17.97 14.60 10 49 
th 5.53 3-74 2.45 r4t 
5-34 Ai 12.75 14.23 12.15 y.08 
% Ai 68.6 79.2 83.2 86.6 
ip 19.72 15.39 12.46 4 00 
it 4.06 2.65 1.73 1.41 
5291 Ai 15.72 12.74 10.73 2.59 
% Ai 79.7 82.8 86.1 64.7 
dp 16.79 14.35 4.12 
3 3.00 2.00 1.73 
5.87 Ai 13.79 12.35 2.39 
% Ai S2.1 86.0 58.0 
in 15.00 4.80 
i; 2.00 1.73 
6.14 Ai 13.C0 3.07 
% Ai 86.7 64.0 
ip 16.25 5.29 
ir 2 24 1.73 
6.41 Ai 14 OI 3.56 
% Ai 86.2 67 r 
ip 5-92 
iz 1.73 
6.68 Ai 119 
% Ai 70.9 
iv 6 78 
ne 1.73 
6.94 Ai 5-05 
% Ai 74-5 
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TABLE III 


Variation with tube diameter of the Joshi effect in oxygen at constant gas pressure 
under ‘sleeve’ excitation, 


pO, = 62mm. Temp. = 32°. Inter-sleeve distance = 2.5 cm. Frequency of 
A.C. supply = 50 cyc./sec. Detector = vacuo-junction. Source of light = one 





200 volt, 200 watt (glass) bulb, 21 cm. from the tube 


Inner diameter (mm.) 


V 4.4 7 16.5 
(kV (Vm=4 67 kV). (V m=4.14 kV). (Vm=4.14 kV) 
r.m.s.) 
ip 7-3! 
ix 5-3 
1.27 Ai —2.01 
% Ai —275 
ip 1114 6.56 
it 7.14 5.00 
1.54 Ai 4.00 — 1.56 
% Ai 359 —238 
ip 14.39 Q¢ 
iy 9.17 6 oF 
4.81 Ai 5.22 3 00 
% Ai 36 3 33-3 
ip 2.45 16.89 19.44 
it 3.00 9.95 6.32 
5.07 Ai +0.55 6.86 4.12 
% Li + 22.5 40.6 39.5. 
ip 3.08 17 97 11.36 
it 3-74 10.68 7.07 
5.34 Ai 0.66 72 4-29 
% Ai 21.4 49.6 37.8 
in 3.61 19.91 11.79 
it 4.24 Il 75 7 28 
5.601 Al 0.63 8.16 4-5! 
% Li 175 41.6 38.2 
ip 4-47 20.84 12 61 
in 4.24 12 65 812 
5-87 Ai —0.23 8.19 4-49 
% di 5-1 39-3 35-6 
ip 4-74 21.98 13 39 
ip 4.25 13.39 8.37 
6.14 Ai 0.49 8.59 5.02 
% Ai 10.3 39.1 37. 
ip 5.2 14.18 
it 4-47 9 06 
6.41 Ai 0.73 5.12 
% Li 14.0 36.1 
ip 5-39 15-03 
iy 4.69 9.38 
6.68 Ai 0.70 5 65 
% Li 13.0 37-6 
ip 5-61 15.63 
i 4.69 10.00 
69! ray 0.92 5.53 
% At 16.4 36.0 
ip 6.32 
it 4-9 
7-21 Ai 1.42 
% Li 22.5 
ip 6.71 
in 5-1 
7.48 Ai 1.61 
% Li 24.0 
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DIiscuSsSION 


‘That the ‘threshold potential’ V, for oxygen, excited in Siemens’ and wire-in-cylin- 
der type tubes, is a linear function of the gas pressure pO,, over a fairly wide range, as 
obtains with the Paschen potential, has been reported earlier (Mohanty, this Journal, 
1949, 26, 553; Mohanty and Kamath, loc. cit.}. Similar results have been obiained 
with a glass tube of uniform internal diameter D and wall-thickness at constant inter- 
‘sleeve’ distance d under ‘sleeve’ excitation. ‘This is evident from the inset in Fig. 2; 
values for Vm (obtained by extrapolation of the corresponding V—i» characteristics at 
different pO, and plotted therein) are shown below. 


d=2.4cm. D=17.3 mm. Wall-thickness=1.4 mm. 
pO, (mm.) wo © 31 46 60 75 
Vm (in kV) nt ae 2.72 3.52 4.00 159 


The gas pressure pO, and D remaining the same, Vm varies linearly with d ‘inset, 
Fig. 3), like the Paschen potential; V,, values at different d are as shown below. 
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INTER-SLEEVE DISTANCE d IN cm 


he variation of V» with D at constant pO, and d is different. At pO,=62 mm., 
d=2.5 cm. and wall-thickness =0.93 mm, Vn for D=4.4 mm. is 4.67 kV, decreases to 
4.14 kV at 8.7 mm., and remains further unaleered at 19.5 mm. 

In u Siemens’ tube at a given pO,, both -Ai and -%4i increase with V and then 
decrease (Mohauty and Kamath, loc. cit. Mohanty, loc. cit.). Whilst, however, -dj 
increases over a wide range of V>Vm, in -%Ai the imcrease is confined over a narrow 
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range near Vm. This rise of -%Ai with V is more marked at higher pO, where Vn 
is not sharply defined but is distributed over a range of V, and in wire-in-cylinder type 
discharge tubes at large electrode separation. That under ‘sleeve’ excitation the rise in 
-%4i with V is also predominant is evident from the data in Tables II and IIJ. Thus 
e.g., for pO,=28 mm., D=17.3 mm. and d=1.0 cm. (Table II), -%4iis 13.5 at 4.01kV 
and increases progressivly to 68.6 at 5.34 kV; similarly, at 62 mm. in a tube of 4.4 mm. 
D and d=2.5 cm. (Table III), it is 5.1 at 5.87 kV and increases to 24.0 at 7.48 kV. 


At a constant V and ina tube with fixed d {and D), whilst -Ai first increases with 
pO, and decreases thereafter, -%Ai increases progressively (Table I). Thus, at 5.34 kV, 
-Ai is 3.04 at 14 mm. and increases toa maximum of 5.33 at 46mm. Further increase 


in pO, to 60 mm. decreases -4i to 5.13 and to 4.98 at 75 mm. The relative effect -%Ai 
at the same V is 36.1 for 14 mm. and increases to 63.8 at 75 mm. Under conditions of 


constant ip, -Ai (and therefore, -%Ai) increases with pO, to a maximum (at 60 mm.) 
and then decreases, similar to the observations in Siemens’ and wire-in-cylinder type 
(discharge) tubes ‘Mohanty and Kamath, loc. cit. Mohanty, loc. cit.). This will be 
evident from Fig. 2, and the values for -i at different pO, and ip, read off from the 
corresponding ip — -Qi curves, given herein under: 


po, i 7. 8. 9. 10. II. 
(mm.). 
14 3.00 3.05 3.09 3.1 3.10 
31 3-75 1 34 4.72 4.85 4-9 
46 1.18 265 : 5.45 5-75 
60 4.18 {480 503 5.65 5 85 
75 4.00 4-75 5.2 5 59 5-75 
The gas pressure PO,, Dand V remaining the same, -Ai increases with d up to 
1.5¢m. and then decreases ; -%4i, on the other hand, is maximum at 3.0cm. Thus 


e.g., -Qi at 5.34 kV is 12.75 for d=1.0 cm. (Table II) and increases to 14.23 for 1.5 cm. 
It decreases with further increase in d to 12.15 for 2.0 cm. and to 9.08 at 3.0cm. At 
5.61 kV, -%Ai for d=1.5 cm. is 79.7 and increases to 86.1 for 3.0 cm. and decreases 
thereafter to 64.7 at That under conditions of constant ip, -Ai (and therefore, 


-%4i) is maximum at d=3.0 em. is evident from the values for -Ai and -%Ai at different 


1.0 CM. 


d and i» given below, and from Fig. 3. 


d (cm.). in=9 in=10 ip =11 
a ee Ne ee ey, a ree ee 
-Ai. -% Al. -Ai. % Ai -Ai. -% Ai 
1.0 4.6 51.1 5-5 55-0 6.3 57-3 
15 6.0 66 7 6.95 69.5 7.8 79.9 
20 6.8 75 6 7.7 77 5.6 “8.2 
3.0 7.65 85.0 8.5 85 9.4 85.5 
4.0 6.9 767 7.8 78 8.65 78.6 


From the data in Table III, it will be seen that at constant V, pO, and d, both -Ai and 
-%4Ai first increase with D and then decrease. ‘Thus e.g., at 6.14 kV, -Ai for a tube of 
4.4 min. D is 0 49, increases to §.59 for D=8.7 mm. and decreases (5.02) with further 
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increase in D to 16.5 1mm., the corresponding values for -%4i are respectively 10.3, 
39.1 and 37.5. Under conditions of constant ip, however, -4i (and therefore, -% Xi) 
is independent of D within the range investigated, viz., 4-17 mm. This will be evident 
from Fig. 4 ; all the is— -Ai plots, irrespective of D, lie on the same smooth curve. 
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The positive effect + Ai (i.e., current gain under irradiation) is observed for the first 
time in oxygen with vacuo-junction detection. In the narrowest tube used (D=4.4 mm.) 
at 62mm. and 5.07 kV (Table III), +4i increascs from 0.55 at 5.07 kV to 0.66 al 5.34 
kV and decreases to 0.63 at 5.61 kV; it changes sign (to 0.23 —Aji) at 5.87 kV. The 
relative effect +%4i is 22.5 at 5.07 kV and decreases progressively to 17.5 at 5.61 
kV; at 5.87 kV, —%4i is §.1. 


According to Harries and von Engel (J. Chem. Phys., 1951, 19. 514; Proc. Phys. 
Soc., 1951, B64, 916), the external irradiation is strongly absorbed by, and causes photo- 
dissociation of the molecules in the adsorbed layer into atoms. The secondary electrons 
released from the glass walls, under discharge, are attached by these atoms, and therefore, 
no longer produce electron multiplication. Further, the negative ions formed have 
a negligible mobility compared with the electrons, and do not contribute to the current. 
And hence, according to these authors, the negative effect -Ai. The energy of dissocia- 
tion of oxygen into normai atoms is 5.11 e.v., corresponding to about 2400 A (Herzberg, 
Z. physikal. Chem., 1929, B4, 223). That —Ai should occur in oxygen in the visible 
(where the absorption by the gas is negligible), including the extreme red, and the 
near infra-red (Mohanty and Prasada Rao, unpublished results), shows that the Harries 
and von Engel mechanism is untennable. The secondary electron emission is the con- 
sequence of the yand the 19g processes (Loeb, “Fundamental Processes of Electrical 
Discharge in Gases’, John Wiley, New York, 1939, P- 385). Whilst electron attachment 
would diminish the extent to which these processes occur, their enhancement is indepen- 
dent of the external light. The observed +i, and the co-occurrence of — and +Aj 
(Jatar, J. Sci. Ind. Res., 1950, B9, 283; Mohanty, this Journai, 1953, 30, 9) cannot 
therefore be accounted for on the mechanism due to Harries and von Engel (loc. cit.). 
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The theory of the effect due to Joshi (Proc. Indian Sci. Cong., 1946, Part II1, Phys. 
Sec., Abst. No. 26; 1947, Part III, Phys. Sec., Abst. No. 25; Curr. Sci., 1946, 15, 281; 
1947, 16, 19}, on the other hand, postulates electron liberation, due to the external light, 
from an activated layer formed on the electrodes under discharge. Capture of these 
photo-electrous by the electronegative gas particles forms slow moving negative ions 


which reduce i by a space charge effect. The photoelectrons which are not so captured 


cause +i by electron multiplication. These two processes, and therefore — and +A4i, 
co-occur; the current indicator shows the balance. 
Grateful thanks of the authors are due to Professor S. S. Joshi for his keen interest 
and stimulating discussions. 
DEPARTMENT OF CHEMISTRY, 
Reecived December 17, 1952. 


HInpu UNIVERSITY, 
BANARAS. 








{Jou. Indian Chem. Soc., Vol. 31, No. 7, 1954] 


FORMATION OF COMPLEX COMPOUNDS BETWEEN ALKALINE EARTH 
CHLORIDES AND POTASSIUM CHLORIDE. PART II 


By L. N. SRIVASTAVA AND P. C. BosE 


Measurements of conductivity and depression in freezing piont of a series of mixed solutions of 
KCI and BaCl, have been made and the values plotted against the concentration of the variant ‘barium 
chloride) show seven kinks at points corresponding to the formationof 4KCI.BaCh, 3KCI.BaCl,, 
2KCl.BaClg, 3KCl.2BaCl,, KCI.BaClg, 2KC1.3BaClg, and KCI.2BaCly. 

The substances used were of A.R. quality and were purified by recrystallisation. 
Stock solutions of potassium chloride and barium chloride were prepared, each of 0.5 M 


A series of mixtures was then made in which the concentration of potassium 
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Canductivity.—A conductivity cell of pyrex glass with a high cell constant was 
used to determine the conductivity of the solutions. When the values of the conduc- 
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tivity were plotted against the concentration of barium chloride, the graph showed seven 
kinks indicating the formation of seven complex compounds (fig. 1). 


Freezing Point.—The freezing point apparatus consisted of a tube, carrying the 
Beckmann thermometer and the solution, which was surrounded by a wider tube acting 
as an air-jacket, This was immersed in a cooling mixture contained in a thermosflask, 


Fic. 2 


T+ 


Depression in f.p. 





Kok Backes 





s 
i 
4 «cl. Bact, 











Conc. of BaCl, 


the temperature of which was kept constant at —6°+1° to avoid error due to super- 
cooling. ‘The Beckmann thermometer employed could read 0.005°. ‘The f.p. of water 
was determined and checked from time to time and then the f.p. of all the solutions. 
The depression in f.p. when plotted against the concentration of barium chloride showed 
seven kinks iu the curve exactly as in the case of conductivity (Fig. 2). 
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Both the graphs show kinks at the same points and the ratios of the concentrations 
of the reactants obey stoichiometric laws and correspond to the formation of the com- 
plexes: 4KCI.BaCl,, 3KCi.BaCi,, 2KCI.BaCl,, 3KCl.2eBaCl,, KCI.BaCl,, 2KCi.3BaCl,, 
and KCl.2BaCl,.- These results are in conformity with those reported in a previous 
communication (Part I, this Journal, 1953, 30, 411). 


The authors are grateful to Shri M. R. Nayar for his kind interest and helpful 


suggestions. 


DEPARTMENT OF CHEMISTRY, 
UNIVERSITY OF LUCKNOW. 
LUCKNOW. 


Received April to, 1954. 
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GROUP PARACHORS (GIBLING’S METHOD). PART I. ORGANIC 
COMPOUNDS CONTAINING HALOGENS 


By A. K. Tarati * 


Group parachors for the groups CF3C, CF3(C)2, and (C)CH,CI have been evaluated and polar correc 
tion for the group (C)CH,Cl has been suggested according to the method of Gibling. Parachor values 
of the compounds, thus calculated, are compared with those obtained by using the parachor constants 
given by Sugden ([P]s), Mumford and Phillips ({[P]ue), and Vogel ({P]¥). 


Manzoni-Ansidei (G. Biol. Ind. Agr. Aliment, 1937, 1, reprints) calculated para- 
chor values of hydrocarbons using constants characteristic of ‘“‘radicals’’ instead of atomic 
and structural constants. The values of the “‘radical constants’? derived by him are: 
CH;-— : 55.1; CH:=: 40.1; CH=(aliphatic}) : 22.5. 

Gibling (J. Chem. Soc., 1941, 2099) introduced the constants characteristic of 
groups instead of atomic and structural constants for the calculation of parachors. His 
values for the above groups are: CH;(C): 55.2; CH,{C).: 39.8; CH(C),: 22.6. 

Gibling has evaluated the parachor values of many compounds utilising group para- 
chor values and applying certain corrections (ibid., 1941, 299, 306, et seq.). He has sug- 
gested that a polar correction is necessary in the first few members of any homologous 
series containing a polar group. Little work has been done on group parachors of groups 
containing halogens. Haszeldine and Smith (ibid., 1951, 603) have calculated the para- 
chor values of CF, as 53.7. Gibling (ibid., 1943, 151) found the following group parachor 
values for the groups : (C)CH,Cl: 96.1; (C)CH,Br: 110.3; (C)CH,I: 131.6, but remarked 
that the values for the groups (C)CH.X could be determined with any certainty from 
the existing data. Bhagwat and Bakore (this Journal, 1948, 25, 175) redetermined the 
group parachors for the groups (C)CH.Cl, (C)\CH.Br and (C)CH,I as 95.6 108.7 and 
130.1 respectively, and noted that in spite of the better results obtained by Gibling’s 
method, the group parachor did not seem to be a true constant. 

Hence, a detailed study was undertaken with a view (i) to providing group parachor 
values utilising recent extensive data on the parachor values (cf. Vogel, J. Chem. Soc., 
1948, 1833; Mumford and Phillips, ibid., 1950, 75; Haszeldine and Smith, loc. cit.).° 
and (ii) to studying.ithe relative merits of Gibling’s method as compared with those of 
Sugden, Vogel, and Mumford and Phillips. 


Group Parachors for CF;‘C) and CF,(C), 


Haszeldine and Smith ‘Joc. cit.) determined the parachor values of n-perfluoropara- 
ffins. ‘These values may be represented with fair accuracy by the formula 


[2a+(n—2)b] = R.P. 
where R.P. is the reduced parachor value, and a and 6b are the effective parachor con- 
tributions of CF;(C) and CF,(C), respectively. Using the group parachor values 
CF;(C)=76.6 and CF,(C).=53.2, one finds that the percentage difference between the 
calculated and observed values is practically zero as is shown in Table I. 


* Present address : Faculty of Science, S. J. Science Institute, Baroda, 
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TABLE I 


n-Perfluoro- [P]} obs [P eal. % Diff. [P]s. [P] ur. 
paraffins. 

(C.F. +9) {LP Jobs — [PJeal} 
Cyt ig 474.7 474.6 +0.02 488.4 478.6 
CaF a9 528.4 528.4 +0.00 543-2 532.8 
CioF 29 582.5 582.2 +0.05 598.9 587.0 
Ci Fu 635 3 636.0 +0.05 652.8 641.2 
CreF a6 690 0 689.8 +003 707.6 695.4 


Parachor vaiues of these compounds calculated by using the atomic and structural 
constants are also shown in the same table for the purpose of comparison. The values 
of the constants used are: 

[P1s. (Sugden’s values) C348 F :25.0 

(P]ue.Mumford and Phillips’ values) C :9.2 F :25.5 
In the calculation of the parachor values by Mumford and Phillips’ method, the strain 
corrections: CF;= —9.0; CF.= —6.o are applied. 

We have used strain corrections different from those suggested by Mumford and 
Phillips (loc. cit.) as the accumulation of negative groups in the compounds under inves- 
tigation is much greater. It is seen from the results that Gibling’s method offers better 


results. 
Group Parachor for (C)\CH,C1 


The group parachor for {C)CH,.Cl has been evaluated using the data furnished by 
Vogel (J. Chem. Soc., 1943, 16) and Mumford and Phillips (loc. cit.). The value of 
the group (C)CH,CI has been found to be 96.3 and the polar corrections are: 





Rickiesestl — oat = EC eascwseed Cl 
€ 8 ” B % 
-0.2 -0.7 -0.5 
-1.4 Total 


The calcu!ated values for alkyl chlorides are presented in Table II. In calculating 
these parachor values the group parachor values of CH,‘'C)=55.2 ; CH,(C).=39.8, 
determined by Gibling, have been used. 


TABLE II 


Alkyl chlcrides (Pps. [Pleal. % Diff. [P]s. [P]v. [P] ue. 
Ethyl 151.6 151.7 —007 149.4 150.6 150.4 
n-Butyl 230.3 (2)* 230.4 —0.04 227.4 230.5 230.4 
n-Hexyl 310 3 (2) 310.2 —0.08 305.4 310.2 310.4 
n-Octyl 390 2 (2) 390.4 —0,05 383.4 390.9 390.4 
n-Decyl 472.0 470.7 +0.27 461.4 470.9 470 4 
neDodecy] 549-7 $51.1 —0.26 539.4 550.9 550.4 
n-Hexadecy] 711.8 712.3 ~0.07 695.4 710.9 710.4 


* Numbers in brackets in the column (2) are the numbers of observations on which the mean 
is based. 

N.B. Out of 12 compounds studied, (which have all been found to show agreement between the 
observed and calculated parachor values), values for seven are given by way of examples. 
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The results show that the calculated values differ at the most by +0.27% from the 
observed values. The parachor values calculated by different methods are also presented 
in the same table. In calculating [P], and [P] ue the following values of atomic con- 
stants are used : 

[P]s C:48 Hi: 27.2 Cl: 54 3 

[P] up C: 9.2 H: 15.4 Cl: 550 
In zaleulating [P]y the alkyl chains suggested by Vogel are used (parachor value of 
Cl=55.2). It is seen from the results that the parachor values calculated by Gibling’s 
method agree better with the observed values than those calculated by other methods. 

The author expresses his gratitude to Dr. M. D. Avasare for his keen interest in 
the work. 


CHEMISTRY DEPARTMENT, 
V. P. MAHAVIDYALAYA, Received February 1, 1954 
VALLABH-VIDYANAGAR. 











| Jour. Indian Chem. Soc., Vol. 81, No. 7, 1954] 


STUDIES IN THE SYNTHESIS OF 4-HYDROXYQUINOLINES USING 
ACETIC ANHYDRIDE AND SULPHURIC ACID. PART III 


By B. P. BANGDIWALA AND C. M. Dgsar 


Ethyl benzoylacetoacetate has been condensed with aniline, o-, m-, p-tolui lines and m-chloroaniline, 
and the resulting anils have been cyclised using acetic anhydride and sulphuric acid, as also by the 


thermal method 


Shah et al. (this Journal, 1951, 28, 638) condensed ethyl benzoylacetoacetate with 
various arylamines, and obtained 4-hydroxy-2-inethyl-3-benzoyl- and 4-hydroxy-2-pheny]l- 
3-acetyl-quinolines. The latter type of compounds has also been obtained from anilide 
imidochlorides and ethyl sodioacetoacetate ‘Desai and Shah, ibid., 1949, 26, 121). 


In continuation of our work on the synthesis of 4-hydroxyquinolines using acetic 
anhydride and sulphuric acid (Bangdiwaia and Desai, Part II, ibid., 1954, 34, 43), 
the present work was undertaken to study the effect of this reagent on the cyclisation 
of the anils obtained from ethyl benzoylacetoacetate and arylamines {Bangdiwala and 
Desai, Curr. Sci., 1952, 24, 348). It was found that cyclisation proceeded smoothly 
and the yields were in general higher than that reported by Shah et al. (loc. cit.) 
using the thermal method. With ethyl benzoylacetoacetate, anil formation can take 
place either with the acetyl or the benzoyl group. The anil from ethyl benzoylaceto- 
acetate and aniline on cyclisation by the present method gave only 4-hydroxy-2-methy]l- 
3-benzoylquinoline, also obtained by the Friedel-Crafts benzoylation of 4-hydroxy-a- 
methylquinoline. Hence, anil formation must have taken place solely with the acetyl 
group of the ester. Cyclisation by the thermal method also gave the same product (Price 
and Roberts, J. Amer. Chem. Soc., 1946, 68, 1204). According to Shah et al. (loc, 
cit.), in this case anil formation takes place partly with the acetyl group and partly 
with the benzoyl group of the ester, subsequent cyclisation affording a mixture of 
4-hydroxy-2-inethyl-3-benzoyl- and 4-hydroxy-2-pheny]-3-acetyl-quinolines. 

With o-toluidine, using both methods, 4-hydroxy-2-: S8-dimethy]-3-benzoylquinoline 
was obtained. Here aiso, anil formation must have taken place solely with the acetyl 
group of the ester. Shah etal. ‘loc. cit.) also report the same compound. With 
p-toluidine, however, the present method gave 4-hydroxy-2-phenyl-6-methylquinoline, 
also obtained from ethyl benzoylacetate and p-toluidine {Part II, loc. cit.). It appears 
therefore that anil formation must have taken place with the benzoyl group and that 
the free acetyl group is knocked off during cyclisation despite the presence of a strong 
acetylating agent. ‘This is substantiated by the fact that when the same anil is cyclised 
by the thermal method, 4-hydroxy-2-phenyl-3-acetyl-6-methylquinoline is obtained, 
indicating clearly that the acetyl group is in tact prior to cyclisation. Shah et al. (loc, 
cit.), however, report the formation of 4-hydroxy-2: 6-dimethyl-3-benzoylquinoline in 
this case. When condensations were carried out with m-toluidine, a mixture of pro- 
ducts was obtained by both the methods, With m-chloroaniline, however, the present 
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methed gave 4-hydroxy-2-phenyl-7-chloroquinoline oniy. The anil formation therefore 
must have taken place with the benzoyl group of the ester. Cyclisation by the thermal 
method also gave a single product, obviously 4-hydroxy-2-phenyl-3-acetyl-5/7-chloro- 
quinoline. é 

EXPERIMENTAL 


Ethyl benzoylacetoacetate was prepared by the method of Shriner, Schmidt and 
Rolll (““Org. Syn.’’, Vol. XVIII, p. 33) with the following modifications : (i) Sodium was 
pulverised before use. This reduced the period of formation of ethyl sodioacetoacetate 
from 24 to 8 hours. (fii) A slightly less than the theoretical quantity of 
benzoyl chloride was employed. (iii) After completion of the reaction, the reaction 
mixture instead of being washed with water and sodium bicarbonate solution, was 
directly filtered and dried with anhydrous magnesium sulphate. The process of washing 
was avoided because during such a treatment, the acetyl group of the ester might have 


been partially hydrolysed. 
Condensation of Aniline with Ethyl Benzovlacetoacetate 


Aniline (9.3 g.) and the ester (23.4 g.) were nixed and a drop of HCI (conc.) was 
added to it as acatalyst. The mixture was heated on a steam-bath for 1 hour, cooled and 
left for 3 days. The oil was taken up in ether and the ethereal solution was washed twice 
with dilute HCl, then with water and finally dried over anhydrous magnesium sulphate. 
Ether was removed and the residual oil was used for cyclisation, yield 18 g. (58.9%). 

4-Hydroxy-2-methyl-3-benzoylquinoline.—The above acrylate (8.7 g.) was dissolved 
in acetic anhydride (20 c.c.) and H,SO, (conc., 10 c.c.) was added to it when a consider- 
able heat was developed. ‘The reaction mixture on being cooled was neutralised. The 
product {2.6 g., 48.1%) was crystallised from alcohol in white needles, m.p. 284°. 
Mixed m.p. with an authentic specimen of the same compound, prepared by Friedel- 
Crafts benzoylation of 4-hydroxy-2-methylquinoline, was undepressed. (Found: N, 
5.2. Cale. for C,;,H,,0.N: N, 5.3 percent). Oxime, m.p. 253-54°. 2:4-Dinitro- 
phenylhydrazone, m.p. > 310°. Thermal cyclisation of the above acrylate gave the same 
product, m.p. 284°. 


? 


Condensation of Toluidines with Ethyl Benzoyiacetcacetate 


4-Hydroxy-2:8-dimethyl-3-benzoylquinoiine.—o-Toluidine (5.3 g.) and the ester 
(11.7 g.) were condensed as before. The acrylate (8 g., 49.5%) was cyclised. The 
product (2 g-, 30.1%) was crystallised from glacial acetic acid in colorless needles, m.p. 
2097-98°. Mixed m.p. with an authentic specimen, prepared by Friedel-Crafts benzoyla- 
tion of 4-hydroxy-2 : 8-dimethylquinoiine, was undepressed. (Found: N, 5.0. Calc. for 
CisHi;,0.N: N, 5.1 percent). Shah etal. (loc. cit.) give m.p. 289° for the product. 
2:4-Dinitrophenylhydrazone, m.p. > 320°. ‘Thermal cyclisation of the above acrylate 
gave the same product, m.p. 297-98°. 

4.Hydroxy-2-phenyl-6-methylquinoline.—p-Toluidine (5.3 g.) and the ester (11.7 g.) 
were condensed as before. The acrylate (9 g., 55.7%) was cyclised. The product 
(3.7 g., 52.4%) was crystallised from alcohol in plates with a slightly greenish tinge, 
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m.p. 294-95°. Mixed m.p. with an authentic specimen, prepared from ethyl benzoy]- 
acetate and -toluidine, was undepressed. 4-Chloro-2-phenyl-6-methylquinoline melted 
at 95-97°. 

4-Hydroxy-2-phenyi-3-acetyl-6-methylquinoline.—Thermal cyclisation of the above 
acrylate gave a product which was crystallised from alcohol in white needles, m.p. 263°. 
When mixed with au authentic specimen, prepared by the method of Shah and Desai 
(loc, cit.), the m.p, was 263°. 2:4-Dinitrophenylhydrazone, m.p. > 320°. 

m-Toluidine (10.7 g.) and the ester (23.4 g.) were condensed as before. The 
acrylate (16 g., 49.6%) on cyclisation by the present method gave a mixture of pro- 
ducts, m.p. 220°-230° (3 g.) from which one product (m.p. 261°) was isolated as its 
oxalate, m.p. 201° (decomp.). Thermal cyclisation also gave a mixture of products, 
m.p. 235°-242°. 

4-Hydroxy-2-phenyi-7-chloroquinoline.—-m-Chloroaniline (12.7 g.) and the ester 
(23.4 g.) were condensed as before. The acrylate (17 g., 49%) was cyclised. The product 
‘2.6 g., 20%) was crystallised from glacial acetic acid in hard, white needles, m.p. 257°- 
58°. Mixed m.p. with an authentic specimen, prepared from ethyi benzoylacetate and 
m-chloroaniline was undepressed (Bangdiwala and Desai, loc. cit.). 4:7-Dichloro-2- 
phenylquinoline melted at 99-100°. 

4-H ydroxy-2-phenyl-3-acetyl-5/7-chloroquinoline.—Thermal cyclisation of the above 
acrylate (8 g.) gave a product (2.6 g., 44 %) which crystallised ‘from alcohol in colorless 
needles, m.p 312-13°. (Found: N, 4.5; Cl, 11.6. C,;H,.0,NCI requires N, 4.7; 
Cl, 11.7 per cent). 4: 5/4:7-Dichloro-2-phenyl-3-acetylquinoline, obtained by refluxing 
the above compound with phosphorus oxychloride, melted at 125°. (Found: Cl, 22.2. 
C,,H,,ONCI, requires Cl, 22.5 percent). 2:4-Dinitrophenylhydrazone, m.p. > 320°. 

The authors express their gratitude to the College Authority for providing facilities 
and the grant for expenses incurred in the work. 


CHEMISTRY DEPARTMENT, 
M. T. B. CoLiece, Surat. Received October 27, 1953. 


STUDIES iN THE SYNTHESIS OF 4-HYDROXYQINOLINES USING 
ACETIC ANHYDRIDE AND SULPHURIC ACID. PART IV 


By B. P. BANGDIWALA AND C. M. Dgsar 


Ethyl a-carbethoxy-8-(arylamino) crotonates, obtained by the condensation of acetylmalonic 
ester with arylamines, have been cyclised using acetic anhydride and sulphuric acid to ethyl 4-hydroxy-2- 
methylquinoline-3-carboxylates. These esters were converted into 4-hydroxy-2-methylquinolines through 
hydrolysis and decarboxylation steps, A probable mechanism of cyclisation using acetic anhydride and 
sulphuric acid has been suggested. 


Gould and Jacobs (J. Amer. Chem. Soc., 1939, 61, 2890) condensed acetylmalonic 
ester with aniline and obtained ethyl 4-hydroxy-2-methyiquinoline-3-carboxylate by 
cyclisation of the intermediate crotonate. The ester was hydrolysed to the correspond- 
ing acid. It has also been reported that on account of competing side-reactions, chiefly 
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the formation of acetanilide, the yield of the intermediate crotonate is much reduced. 
With aniline, a yield of about 30% of acetanilide and of 70% of the intermediate 
crotonate was obtained. 

In continuation of our work on the synthesis of 4-hydroxyquinolines using acetic 
anhydride and sulphuric acid (Bangdiwala and Desai, Part III, this issue, p. 556), the 
present investigation was undertaken to see whether the crotonates obtained from acetyl- 
malonic ester and m-substituted anilines. upon cyclisation using the present method, 
gave a siugle product or a mixture of isomers. The syntheses were carried out using 
aniline, m-and p-toluidines and m-chloroaniline. On account of competing side reac- 
tions, chiefly the formation of acetanilide and its derivatives, it was found that the 
yields of the intermediate crotonates were low (41-51%). 

In case of both m-toluidine and m-chloroaniline, cyclisation of the intermediate 
crotonates gave a mixture of 5- and 7-substituted esters. A separation of the individual 
isomers could not be effected at this stage in both cases. The esters were hydrolysed 
by refluxing with a 5% solution of sodium hydroxide for two hours. In the case of 
m-toluidine, the mixture of the isomeric acids could not be resolved into individual 
isomers. Incase of m-chloroaniline, the mixture of isomeric 5- and 7-chloro-4-hydroxy- 
2-methylquinoline-3-carboxylic acids, obtained by hydrolysis, could be resolved into 
individual isomers by fractional crystallisation from glacial acetic acid, the 7-isomer 
being less soluble. That the less soluble isomer was 4-hydroxy-2-methyl-7-chloro- 
quinoline-3-carboxylic acid was shown by its subsequent decarboxylation to the corres- 
ponding known 4-hydroxy-2-methyl-7-chloroquinoline. The isomeric 4-hydroxy-2- 
methyl-5-chloroquinoline-3-carboxylic acid was more soluble by comparison and was 
precipitated from the acctic acid mother liquor by dilution with water and subsequently 
crystallised from aicohol. 

The acids were decarboxylated affording 4-hydroxy-2-methylquinolines. In case 
of m-toluidine, the mixture of acids yielded a mixture of 4-lydroxy-2:5- and-2:7- 
dimethylquinolines which were separated as oxalates (Spivey and Curd, J. Chem. Soc., 
1949, 2656). 

The literature does not record the use of acetic anhydride and sulphuric acid for 
cyclisation purposes in the manner described in this work. However, Marrian and 
Russell (J. Chem. Soc., 1046, 753) condensed o-hydroxy-aldehydes with 4*-angelica 
lactone in presence of sma!l quantities of a mixture of acetic anhydride and sulphuric 
acid. 

As regards the cyclisation of the crotonates with acetic anhydride and sulphuric 
acid, the following vbservations were made: (i) The heat of the mixture of acetic 
anhydride and sulphuric acid was necessary and sufficient in effecting ring-closure. (ii) 
A mixture of acetic anhydride ani sulphuric acid after cooling to room temperature 

(iti) Keeping the reaction mixture for further 24 hours had 
Heating the reaction mixture further for varying periods at 
A hot mixture of the anhydride and the 


was without any effect. 
little influence. (iv) 
different temperatures had no effect. (v) 


acid immediately after mixing could produce cyclisation to some extent. ‘yi) Attempts 
to cyclise with the anhydride and the acid in very small quantities yielded viscous 
products which resisted crystallisation, and hence, were not further investigated, 
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It appears therefore that one of the chief factors responsible in effecting ring-closure 
is the heat developed when sulphuric acid is added to the solution of the crotonate in 
acetic anhydride. However, the heat developed thus alone cannot be solely responsible 
in effecting cyclisation, since considerable amount of heat is developed even when 
sulphuric acid is added to the crotonate assuch. In the latter case, the crotonate, on 
the other hand, decomposes affording the amine. It appears therefore that there is some 
important factor other than the heat which governs the ring-closure and that this 
governing property is present neither in acetic anhydride nor in sulphuric acid alone, 
but comes into play only when the two are mixed in the above ‘manner. 


Russell and Cameron (J. Amer. Chem. Soc., 193%, 60, 1347) have suggested that 
when acetic anhydride and sulphuric acid are mixed, a mixed anhydride of the two is 
formed, which is monobasic and exhibits ultra-acidic behaviour. ‘This isa fast reaction. 
The mixed anhydride on standing undergoes rearrangement to sulphoacetic acid, which is 
also monobasic but which does not exh’bit ultra-acidic behaviour. The formation of 
sulphoacetic acid via the mixed anhydride has been formulated as follows 








CH,-C=0 HO O CH,-C=0 

O »s g | 

. “\ —> CH,COOH oO 

CH,-C=0 HO oO | 
HO-S=0 

O } 

Rearrangement Il O 

enero > HO-S —CH.COOH (Mixed anhydride) 
on standing 
0 


(Sulphoacetic acid) 


In view of the fact that cyclisation takes place to some extent only with a freshly 
prepared mixture of acetic anhydride and sulphuric acid, together with the observation 
that the extent of cyclisation is considerably improved, when the acid is added to the 
_Solution of the crotonate in acetic anhydride, it seems reasonable that the instantaneous 
* formation of the mixed anhydride may be an important governing factor in such a ring- 


closure. 
ExPERIMENTAL 


Acetylmalonic ester was first prepared by Lund (Ber., 1934, 67, 937). In the 
present work, it was prepared essentially according to the method described for the 
preparation of ethyl benzoylacetoacetate (Bangdiwala and Desai, Part IIT, loc. cit.) 
except that ethyl acetoacetate was replaced by malonic ester and benzoyl chloride 
by acetyl chloride. Using 96g. (0.6 M) of malonic ester and 46 g. of acetyl chloride 
(38.3 c.c., dt.12, slightly less than the theoretical quantity), the yield of acetylmalonic 
ester was 64 g. (52.8%). 


Condensation of Acetylmalonic Ester with Aniline 


The ester (10.1 g.; 0.05 M) and freshly distilled aniline (4.7g., 0.05 M) were 
condensed in the same way as described in Part III (loc. cit.) in the case of ethyl ben 
zoylacetoacetate. Crystals of acetanilide which had separated during this period were 
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filtered off and the oil was taker up in ether. The ethereal solution was washed with 
two 30 ¢.c. portions of o.o5 N-HCl, then with water and finally dried with anhydrous 
magnesium sulphate. Ether was removed yielding an oil (7.0 g., 50.0%). 

Ethyl 4-Hydroxy-2-methylquinoltne-3-carboxylate.—The above oil (7.0 g.) was 


dissolved in acetic anhydride (20 c.c.) and sulphuric acid (ro c.c.) was added to it. 
Considerable heat was developed. The mixture was allowed to cool to room tempera- 
ture. It was then poured on ice and just neutralised with sodium hydroxide. The 
solution was stirred and the product was collected, washed with water and dried, yield 
2.4 g. (42.0%). It was crystallised from alcohol, m.p. 104-106° Gould and Jacobs 
(loc. cit.) give m.p. 104-107°. (Found: N, 6.0. Calc. for C,;His; N: N, 6.1 per cent). 


4-Hydroxy-2-methylquinoiine-3-carboxylic Acid.—The above ester (2.4 g.) was 
refluxed with 5% NaOH (34 c.c.) for 2 hours. The mixture was cooled and 
acidified with 50% HCl. The product was collected, washed with water and 
dried (1.8 g., 86.0%). It was crystallised from alcohol, m.p. 245-47° (lit. m.p. 245- 
47°). (Found: N, 6.7. Cale. for C,,H,O,;N: N, 6.9 per cent). 

4-Hydroxy-2-methylquinoline.—The above acid (1.8 g.) was added with stirring to 
mineral oil (18 c.c.), preheated to 275° and the temperature was maintained at 270°-275° 
for five ninutes. The oil containing the product was diluted with petroleum ether and 
scratched. The product was collected and dried (1.2 g., 85.7%). It was crystallised 
from hot water, m.p. 230°, undepressed by an authentic specimen. 


Condensation of Acetylmalonic Ester with p-T oluidine 


The ester (10.1 g.) and p-toluidine (5.3 g.) were condensed together and the crotonate 
was worked up as before, yield 6.0 g. (41.3%). 

Ethyl 4-Hydroxy-2: 6-dimethylquinoline-3-carboxylate-—The above  crotonate 
(6.0 g.) was dissolved in acetic anhydride and sulphuric acid (10 c.c.) was added to it. 
The product was worked up as before (2.0 g., 39.5%). It was crystallised from alcohol, 
in,p. 250-52°. (Found: N, 5.5. C,,H,;0,N requires N, 5.7 per cent). 

4-Hydroxy-2.6-dimethylquinoline-3-carboxylic Acid.—'The above ester (2.0 g.) 
was hydrolysed and the product (1.6 g., 92.0%) was crystallised from alcohol, m.p. 
286°. Neutral equivalent, 215. (Found: N, 6.3. C,,H,,0,;N requires N, 6.4 per cent). 

4-Hydroxy-2:6-dimethylquinoline.—The above acid (1.6 g.) was decarboxylated 
as before and the product (1.1 g., 87.0%) was crystallised from alcohol, m.p. 278-79°, 
undepressed by an authentic specimen. 


Condensation of Acetylmalonic Ester with m-Toluidine 


The ester (30.3 g.) and m-toluidine (16.0g) were condensed together and the 
crotonate worked up as before, yield 21.0 g. (48.1 %). 


Ethyl 4-Hydroxy-2:5- and-2:7-dimethylquinoline-3-carboxylates.—The above cro- 
tonate {21.0 g.) was dissolved in acetic anhydride (30 c.c.) and sulphuric acid (15 c.c.) 
was added to it. The product was worked up as before (5.6 g., 31.7%), m.p. 251°-262°. 
It was crystallised from alcohol, m.p. 256°-265°. Further crystallisation failed to raise 
the melting point. It was therefore presumed to be a mixture of isomers. A number 
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of attempts to separate the isomeric esters by fractional crystallisation from various 
solvents were unsuccessful. (Found: N, 5.3. CisH,sOsN requires N, 5.7 per cent). 

4-Hydroxry-2:5- and 2:7-dimethylquinoline-3-carboxylic Acids.—The above 
mixture of isomers (5.0 g.) was hydrolysed and the product (4.1 g., 94.0%) was 
crystallised from alcohol, m.p. 276°-83°. Attempts to separate the isomeric acids 
were unsuccessful. ‘Found: N, 6.1. C,.H,,0O;N requires N, 6.4 per cent). 


4-Hydroxy-2 : 5-and 2 :7-dimethylquinolines.—The above mixture of acids (3.0 g.) 
was decarboxylated as before and the product (1.9 g., 79.5%) was crystallised from 
alcohol, m.p. 256°-265°. The individual isomers were separated according to the method 
of Spivey and Curd (loc. cit.). From the weights of the oxalates, the proportion of 
4-hydroxy-2:5-dimethyl- and 4-hydroxy-2:7-dimethyl-quinolines was approximated 
at 71:29. 


Condensation of Acetylmalonic Ester with m Chloroaniline 


The ester (30.3 g.) and m-chloroaniline (19 g.) were condensed together and the 
crotonate worked up as before, yield 24.0 g. (51.4%). 

Ethyl 4-Hydroxy-2-methyl-5- and-7-chloroquinoline-3-carboxylates-—The above 
crotonate (12.0 g.) was dissolved in acetic anhydride (20 c.c.) and sulphuric acid (10 c.c.) 
was added to it. The product was worked up as before. The solution after neutralisa- 
tion was extracted with ethyl acetate. Ethyl acetate was removed leaving an oil. The 
oil was diluted with ether when the product precipitated. It was collected and dried 
(7.72., 37.8%). It wascrystallised from alcohol, m.p. 246°-259°. Further crystallisa- 
tions failed to raise the melting point. It was therefore presumed to be a mixture of 
isomers. Attempts to separate the isomers were unsuccessful. (Found: Cl,13.2. 
C,;H,,0,;NCI requires Cl,13.4 per cent). 


4-Hhydroxy-2-methyl-5- and-7-chloroquinoline-3-carboxylic Acids.—The above 
mixture of esters {7.7 g.) was hydrolysed and the product worked up as before (5.7 g., 
92.0%), m.p. 244°-253°. 

Separation of the Isomeric Acids.—The mixture of acids (5.7 g.) was dissolved in 
30 c.c. of hot glacial acetic acid. The solution was allowed to cool and the product, 
4-hydroxy-2-methyl-7-chloroquinoline-3-carboxylic acid (2.5 g.) was filtered, m.p. 
276-78°. A sevond crystallisation raised the melting point to 279-80°. (Found :Cl, 
14.8. C,,H,O;NCI requires Cl, 15.0 per cent). The mother-liquor was diluted with 
water and the product, 4-hydroxy-2-methyl-5-chloroquinoline-3-carboxylic acid (3.1 g.) 
was filtered, m.p. 244-46°. It was crystallised from alcohol, m.p. 248-50°. (Found: 
Cl, 15.1. C,,xH,O,;NCI requires Cl, 15.0 per cent). The proportion of 4 hydroxy-2- 
methyl-5-chloro to 4-hydroxy -2-methyl-7-chloro-quinoline-3-carboxylic acids was thus 
found to be 56:42. The constitutions of these acids were proved by their decarboxyla- 
tion to the corresponding known 4-hydroxy-2-methy]-5-and-7-chloroquinolines. 

4-Hydroxy-2-methyl-7-chloroquinoline.— 4-Hydroxy- 2-methyl- 7-chloroquinoline- 3- 
carboxylic acid (2.5 g.) was decarboxylated as before and the product (1.5 g.. 75.0%) 
was crystallised from alcohol, m. p. 312°, undepressed by an authentic specimen 
(Spivey and Curd, loc. cit.). 
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4-Hydroxy- 2-methyi- 5-chloroquinoline.— 4-Hydroxy- 2-methy]-5-chloroquinoline- 3- 
carboxylic acid (3.1 g.)- was decarboxylated as before and the product (1.8 g., 74.0%) 
was crystallised from alcohol, m.p. 260-62°, undepressed by an authentic specimen 
(Bangdiwala and Desai, Part I, this Journal, 1953, 80, 655). 

4:7-Dichloro-2-methylquinoline was prepared by refluxing 4-hydroxy-2-methyl-7- 
chloroquinoline with POCI;, yield 82.0%. It was crystallised from alcohol, m.p. 103° 
(Spivey and Curd, loc. cit.). 

4:5-Dichloro-2-methylquinoline was prepared by refluxing 4-hydroxy-2-methyl-5- 
chloroquinoline with POCI;, yield 80.0%. It was crystallised from alcohol, m.p. 76° 
(cf. Part I, loc. cit.). 

The authors express their gratitude to the College Authority for facilities and the 
grant for expenses incurred in the work. 
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REDUCTION OF POTASSIUM IODATE AND DICHROMATE BY POTASSIUM 
IODIDE IN PRESENCE OF CHLOROACETIC ACIDS 


By S. N. PRASAD AND B. P. GYANI 


The reductions have been studied potentiometrically at 30° in presence of meno-(I), di- (IT) 
and trichloroacetic (III) acids and phosphoric acid (IV) for comparison. The strengths cf the acids 
were normal. The reactions were slow with (I) requiring two hours for equilibrium, but improved 
progressively with (IT) and (III). KIO; was reduced immediately in presence of (IV), but the reduction 
of K,Cr,0; was slow. The reaction with KIO; was normal in each case (K1O3:KI being 1:5) but the 
reaction with K,Cr,O; was normal in presence of (I) and (IV) only (K,Cr,0O;:KI being 1:6). In 
presence of (II) and (ITT) the ratios were 1:4 and 1:3 respectively. It is suggested that intermediate 
stages of reduction of dichromate (CrO, and 3 CrO2.CrO,) may exist in these titrations. 


The potentiometric titrations of potassium iodate and potassium iodide in presence 
of hydrochloric acid (up to 2N) and sulphuric acid were studied by Miiller and Junck 
(Z. Eiektrochem., 1925, 81, 200). When the concentration of HC! was lo-v, the reaction 
was found to be KIO,;:KI=1:2 instead of the normal reaction KIO,:Ki=1:5 in 
presence of sulphuric acid, 

10,’+6H* +51’ = 3],+3H,0. 

‘They explained it as due to formation of ICI. At higher concentrations of HCl 
chlorine escaped and the graph did not show a break at the true end-point. Britton 
Cockaday and Foreman (J. Chem. Soc., 1952, 3877) made amore thorough study of 
the same reactions and came to the conclusion that the final inflexion was always at 
5 moles KI added if the concentration of HCl did not exceed 2N, but a preliminary 
inflexion at 2 moles KI addded might occur. Both these inflexions were found before the 
true end-point at higher concentrations of HCl. Britton etal. confirmed that the 
titration in sulphuric acid was always normal and improved (steeper inflexion) with 
increasing concentration of acid. 

No systematic work like the above appears to have been done on the potentiometric 
titration of K,Cr,0, and KI. The purpose of the present experiments was to fill this 
gap and to see particularly whether the titrations were normal (requiring 5 moles KI per 
mole KIO, and 6 moles KI per mole. K,Cr,0,). Chloroacetic acids were tried in the 
first instance. Di- and tri-chloroacetic acids appear to possess some oxidising properties 
since they decompose on being heated with water in closed tubes (Beilstein, Syst. 
No. 160, pp. 202, 207, Berlin, 1920). Since possibilities of reduction of both KIO, and 
K,Cr,0, in steps exist, it was hoped that their reductions might be arrested at certain 
stages in presence of these acids. Any influence of px on the rate of reaction and the 
final equilibrium might also be seen since the three acids have widely differing dis- 
sociation constants. 

EXPERIMENTAL 

A.R. samples of KIO, and K,Cr,0; were taken and prepared for use as suggested 
by Vogel (“‘ Quantitative Analysis,’’ pp. 204, 334, London, 1951). The potassium 
iodide used was free from iodate. The chloroacetic acids were freshly distilled before 
use and had satisfactory boiling points. 0.005 M solutions of KIO; and K,Cr,O, were 
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prepared in normal solutions of the various acids ‘These solutions ‘100 ¢.c.) were 
taken for titration in a three-necked Woulf’s bottle and a bright platinum foil was 
used as an electrode. The platinum was cleaned and glowed in the usual way. The 
experimental electrode was coupled with a saturated calomel electrode by means of 
agar-agar bridge and the temperature was kept constant at 30°+1°. Normal KI 
solution was added from a burette and the bottle was vigorously shaken by hand. The 
steady E.M.F.’s were read on a stretched wire potentiometer, sensitive to one millivolt. 

The reactions appeared to be slow in presence of all the chloroacetic acids. They 
improved slightly as one passed through dichloro- to trichloroacetic acid. KIO; reacted 
immediately in presence of phosphoric acid, but K,Cr,0, reacted only slowly. The rate 
of reaction is therefore primarily not dependent on the px of the solutions since 
dichloro- and trichloroacetic acids are stronger than phosphoric acid. A more complete 
study of the rates of reactions in different acids is in progress. The results of these 
titrations are shown in Table I. 


TABLE I 
Titration of KIO, and K,Cr,O, with N-KI in presence of diff. normal acids. 
CH,C1.COOH. CHCl,.COOH., CCl,. COOH H2P0O,. 
A. 0.005 M-KTQs (190 ¢.c.) 

KI. E.M.F. KI. E.M.-F. KI. E M.-F. KI. E M.F. 
0.0 ¢.c 0.7830 volt 0.0 ¢.c 0.8843 volt 0.0 C.¢c. 0.8785 volt 0,0 ¢ ¢. 2.8499 volt 
0.1 0.8044 o.1 0.8470 o.1 0.8793 O.1 0.8280 
9.4 0.8029 0.4 o 8438 04 0 8729 04 0 8220 
08 0.8007 o8 o 8431 0.8 0.8714 08 0.8196 
1.2 0.7957 1.2 0 8367 1.2 0.8634 12 0.8146 
1.6 0.7956 1.s 0.8369 1.6 0 8659 1.6 0.8107 
1.9 0.7899 1.8 0 8346 1.9 © 8600 2.2 0.8054 
2.2 0.7733 2.1 0.8276 2.2 0.8433 2.4 0.7807 
2.4 0.7646 2.2 © 8239 24 0 8094 2.5 9.7693 
2.5 0.5506 2.3 © 7904 2.5 0.5115 2.53 0.5129 
2.6 0.4872 2.4 0.5162 2.6 0.4658 26 ¢.4798 
2.8 © 4589 2.6 9.4574 2.8 0.4399 2.8 0.4502 
31 0.4408 2.9 4347 3-1 © 4225 3.1 0.4302 
3-5 © 4264 3-2 © 4223 35 © 4090 3-4 0.4181 

43 0.3958 4.0 © 3992 3.8 © 4054 
4.7 0.3824 4.3 0.3958 

B. 0.005 M-K,Cr,07 (100 ¢ c.) 
0.0 0.7315 0.0 9.6969 oo 0 8821 0.0 0.8253 
0.1 0.7643 0.1 0.7989 0.1 0.8552 0.1 0 8c20 
0.5 0.7662 0.4 0.7792 0% © 8677 04 o 8020 
1.0 0.7596 0.8 0.7723 0.6 0.8476 09 0.8152 
1.5 0.7503 7.4 0.7709 0.9 0.8359 1.4 0 8109 
2.1 0.7551 1.5 0.7754 1.2 0.8152 1.9 0.8044 
2.6 0.7343 1.7 0.7550 1.4 o 7582 24 o 7823 
2.9 © 6843 1.9 0.7218 1.5 0.4919 2.7 0.7851 
3.0 0.5377 2.0 0.4928 2.7 0.4533 2.9 0.758% 
4.3 ©.4795 2.2 0 4640 2.0 0.4283 30 0.5326 
3-3 © 4399 25 © 4432 2.3 0.4087 31 © 4752 
3-6 © 4150 29 0.4267 2.7 0 3803 33 0 4470 
39 0.4038 3-5 0.4155 3.0 © 3788 36 0.4253 
4-3 0.3905 2.2 0.3726 39 0.4133 
48 0.3334 37 © 3609 4-3 © 4021 
4.8 0.3924 
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When the data were plotted graphically, a sharp inflexion occurred in each case. 
The molar ratios at the inflexions are summarised in Table IT. 


Tasie II 


Molar ratios of the reactants. 


In presence of Dissociation constant of acid. Mbols. iodate : iodide. Mols. dichromate : iodide. 
CH,C1.COOH 1.551073 at 25° 3:58 1:6 
CHCl,.COOH 5X1072 at 25° z3s8 1:4 
CCl;.COOH 3X107! at 18° ee s:3 
H;PO, 91073 at 25° 1:5 7:6 


DISCUSSION 


It appears from Table II that the reaction between iodate and iodide is normal in 
all the cases studied. 
KIO,;+5 KI = 3 1,+3 K,0. 
The reaction between dichromate and iodide is normal only in the first two cases, 
K,Cr,0, +6 KI = 3 I,+4 K,0+(Cr,0s. 


In presence of CHCls.COOH, the reduction of dichromate is not complete and perhaps 
the following reaction takes place, 
2 K,Cr,0,+8 KI = 41,+6 K,0+4 CrO,. 
In presence of CCl,.COOH, the reduction of dichromate, it seems, is further witheld, 
2 K,Cr,0,+6 KI = 31,+5 K,0+(Cr,0,. 
Cr,O, may be looked upon either as 3 CrO,.CrO,; or Cr,0;.2 CrO,. Since one stage of 
reduction, namely CrO,, is skipped over in the latter, we may prefer the former re- 
presentation. In this connection it may be pointed out that there does exist a strong 
tendency towards the formation of polychromates (Fritz Ephraim, “Inorganic Chemistry’’, 
p. 495, Edinburgh, 1948). CrO, and CrO, may exist in colloidal as well crystalline 
form, and Cr,O;.CrO, (basic chromic chromate) is also definitely known to exist. 
Further work is in progress. One of us (S.N.P.) is grateful to the Patna University 
for the award of a research scholarship. 


CHEMISTRY D&PARTMENT, Received April 15, 1954. 
Screnck COLLEGE, PATNA 5. 
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NOTE ON A NEW SYNTHESIS OF LUTEOLIN-7-METHYL ETHER 


By Miss K. S. PANKAJAMANI AND T. R. SESHADRI 


In an earlier publication (Narasimhachari and Seshadri, Proc. Ind. Acad. Sci., 
1950,32A,17) was described the preparation of luteolin-7-methyl ether involving two 
stages: (1) the preparation of 7-O-methyl-eriodictyol and (2) its dehydrogenation with 
iodine. This substance (flavone), which is analogous to rhamnetin (flavonol), has been fre- 
quently expected to occur in natural products and needed for comparison. Consequently 
a new synthesis from luteolin has now been effected following the methylation of quercetin 
in the presence of borate solution (Jain, Pankajamani and Seshadri, J. Soc. Ind. Res., 1953, 
12B, 127). In luteolin the methylation takes place only in the 7-position since all 
the other three positions are protected by complex formation. ‘The method is simple and 
is of significance in the biogenesis of partial methyl ethers. It could be suggested that 
similar protection by loose combination of certain of the hydroxyl groups can take place 
in the plant, thus enabling partial methylation of the remaining hydroxy] groups (ef. 
Seshadri, Curr. Sci., 1934, 2,343 ; Schimizu et al., J. Pharm. Soc., Japan, 1951, 71, 875, 1488). 


Luteolin was prepared by a simplified selenium dioxide oxidation of hesperidin. 
Purified hesperidin (6 g.) was dissolved in acetic anhydride (75 c¢.c.) and selenium dioxide 
(6 g.) added. The mixture was then refluxed for 4 hours at 156°-160° in an oil-bath. The 
course of the reaction could be followed by the change in colour of the solution and also 
by the precipitation of black metallic selenium. At the end of the reaction, selenium was 
filtered off, and the filtrate poured into water when diosmin acetate separated out as a 
brown solid. It was filtered off and hydrolysed by boiling with a mixture of alcohol and 
concentrated hydrochloric acid (1 : 1), when diosmetin was obtained. This was demethy- 
lated with hydriodic acid to yield luteolin, yield 1.2 g. 


Lateolin (1 g.) was dissolved in aqueous borax solution (5%, 150 c.c.) and treated with 
dimethyl] sulphate (3 c.c) in drops with shaking in the course of 4 hours. Side by side, 
sodium hydroxide (5%, 40 c.c.) was also added in small quantities ata time. The reaction 
mixture was then allowed to stand for 48 hours. Small quantities of a brown slimy matter 
that had separated out were filtered off, the filtrate acidified and extracted repeatedly with 
ether. On distilling off the solvent, the ether extract gave a yellow residue, yield 0.6 g. 


An alcoholic solution of the crude methyl ether was treated with alcoholic neutral lead 
acetate and the yellow lead salt filtered off and washed with alcohol. It was then suspended 
in alcohol and decomposed with hydrogen sulphide. After filtering off the lead sulphide, the 
filtrate was diluted with water and evaporated in a basin to removeall alcohol. The 
aqueous solution was cooled and extracted with ether; the 7-O-methylluteolin, obtained 
from the ether extract, crystallised from alcohol as small yellow prisms, m p. 260-62”. 
In circular paper chromatography using phenol-water (lower layer) at 37° it gave a ring 
having Ry value 1. No ring corresponding to luteolin (A value at 37°, 0.80) was obtained. 
The triethyl ether crystallised from alcohol as fine colorless needles, m.p. 160-62°. Mixed 
melting point with an authentic sample of 7-O-methy]-5 :3':4’-triethyl-luteolin (Nara- 
simhachari and Seshadri, /oc. cit.) was undepressed. 


Thanks of the authors are due to the Director of Research, Sunkist Growers, Cali- 
fornia, U.S.A., for the supply of hesperidin. 


DEPARTMENT OF CHEMISTRY, : 
UNIVERSITY OF DELHI, Received January 18, 1954. 
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DEVELOPMENT AND UTILIZATION OF SCIENTIFIC TALENT 
IN INDIA* 


By Dr. J. N. Moxaerser, C. B. E., D. Sc. F. N. 1. 


The question which we have to face now is, to what extent the existing edifice of scientific 
research and training is adequate to the fulfilment of the programme our national Government 
has undertaken or will have to undertake in order to secure a rapid improvement of the 
economic and social conditions of the people of India based on science and its applications 
and on the exploitation of our natural resources and colossal man power. While many 
Indian scientists through their contributions to science have won international recognition, 
and we are confident that with time and concerted and sustained efforts we can march 
forward to the attainment of our goal, we have to understand the comprehensiveness and 
scale of the task before us in order that our effort becomes commensurate with it and bears 
fruit. 

Of late, there has been considerable criticism of the standards of research and 
training in the Universities and allied institutions. The importance of sound training is 
obvious to all and it is necessary that we have a clear idea of what should be done to 
secure it for our young men. If they complete a course of training and obtain a Honours 
degree or a Doctorate degree, they have every right to think that they are fit for some- 
thing. It is sure to lead to frustration and great wastage of effort and money if it is found 
that this training has not fitted them for the work before them. 


There has been and will be considerable pressure for the foundation of new institutions 
and for increased numbers of admissions. Both old and new institutions should be properly 
equipped with all essentials required for sound training. The equipment in the form of 
of apparatus, instruments, plants, machinery and library facilities in the Universities, 
technical and engincering institutions is deplorably inadequate in most cases. Very much 
larger capital grants should immediately be made available to them so that not only the 
standard of training in the regular course of studies will improve but also training in 
research methods and the level of their research activities will be satisfactory. We 
must be able to attract bright young men with a natural flair for research to the 
Universities and other research institutions. The conditions of their service and the 
emoluments require thorough re-examination. The Universities etc. on their part 
should ensure that recruitment is made only on merit and no research posts are filled up 
unless men with high qualifications are available. Often men specifically suited for a post 
are not available and the posts arefilled up by the appointment of men who have done well in 
an allied subject. This is not always very satisfactory. A greater diversification of the 
courses of training of University graduates is called for so that they are offered facilities 
for specialization in a wider range of subjects. There are many lines of activities such as 
survey of flora, fauna, minerals and other resources with which University men could be 


*Sixth Acharya Prafulla Chandra —& Memorial Lecture delivered under the auspices of the Indian 
Society on August 8, 1953 at the Institution of Science, Bombay. 
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associated consistent with the importance they naturally lay on fundamental studies or research. 


For one reason or the other, much of this work cannot be done or is not being done at present. 
An opinion which is very widely held is that our graduates in science and University men 
in general are academic and are of not much use in tackling practical 
problems facing industry and agriculture. Universities and allied’ research 
institutions are meant to be academic. Even a man with average intelligence, 
if he has spent 10, 20 or 30 years in specializing in a particular field, obviously knows 
something very deeply and widely. The question is, can we make any use of their 
knowledge and experience and also why should it not be possible to do so at least in a large 
number of cases. Those who make these statements perhaps do not realise that so far the 
Universities had not got any contact with industry or agriculture. Little use has 
been made of University men except by some British firms and some of our enlightened 
Indian firms. If Industry has its own research departments and scientists manning them, 
the latter could know much better how to utilise the scientific talent in a better manner. 
Theory and practice must go together in order that theory becomes fruitful to the industry 
and practice does not become outmoded or degenerate into empiricism. An effective 
link between the academic research and the problems of industries is necessary. 
One of the important developments in recent years in the U.S.A. and U.K. and 
other countries is research in the Universities sponsored by industries and Government 
Departments, So far University researches financed by the Government mostly take the 
shape of schemes proposed by the University men. Even men highly trained in such practical 
scientific subjects, such as chemical engineering, soon get rusty and bookish because of 
-want of opportunities to develop their knowledge and experience in industry and other 
allied establishments. Industrial researches carried out by industries in their own Jaboratories 
and by the Government in their own research institutions or sponsored by orgunizations 
outside their own are now a dominant feature in the scientific research activities of an 
advanced country. Much more money is spent from sources other than Universities 
and other allied institutions. Unless our industry and agriculture thrive and industry 
becomes much more research-minded, it will be impossible to expand our scientific potential 
and to find employment for our youths trained in pure and applied sciences. The well- 
being of industries and agriculture is vital so that they can spend large sums of money 
forresearch which is essential for their continued existence in face of competition and for 
their expansion. It is encouraging to find that some of our biggest industries, for example 
textile and cement industries, are contemplating the foundation of research laboratories. 
Every encouragement should be given by the Government to such developments. The 
Council of Scientific and Industrial Research has been built up on the pattern of its 
counterpart in U. K., but one of the most essential limbs of the U. K. organizations is 
missing in ours, namely the research associations and their laboratories which are maintain- 
ed by funds contributed by industries interested in a particular field and by the Govern- 
ment. It is also necessary to consider whether our existing organizations of scientific 
activities in the Government Departments or the scientific policy of the Government are 
adequate, or deficiencies in them have not been brought to light as a result of their work in 
the past. New scientific institutions or Government Departmeuts are being created. Are 
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all of them necessary ? Or, it would have been more rational to develop the existing ones 
or whether the creation of some of these is not likely to interfere with the normal develop- 
ment of some of those already in existence. These are matters which require serious and 
sustained consideration. Many scientific departments of Government seem to be unable to 
perform their assigned functions properly for want of a proper realization of their needs. 
Thus for example, the more important diseases and pests of crop plants and the remedies are 
known but all that Agricultural Departments can mention in their annual report is that a 
few thousands or 10 thousands of acres have been given protection against pests and dis- 
eases, while the arable area runs into millions of acres. The foundation of the commodity 
committee research institutes has resulted in a neglect of soil studies and destorted the 
structure of agricultural research. Soil is nota commodity but it is the fundamental raw 
material of agriculture. An unhappy remark made by the Royal Commission on Agricul- 
ture a quarter century ago has materially stood in the way of systematic soil surveys with- 
out which no proper utilisation of our soil resources or crop planning is possible. We speak 
of extension surveys with a view to modifying or substituting the traditional practices of the 
farmer but we should first be sure of those results which alone could be recommended with 
confidence to the farmer. Even the agricultural sciences have been split into commodity 
compartments, and the basic factors governing the scientific problems are ignored ; for ex- 
ample the study of insect populations and their dependence -on different factors receive 
isolated attention only from the point of view of a particular crop. These subjects ure 
vital but have been deplorably neglected. Government has laid down the policy of helping 
industry to manufacture to the fullest of its rated capacity. Nobody would deny the im- 
portance of such a policy but would the cost of the produce of these industries to the con- 
sumer be resonably low if the inefficient units with consequent higher cost of production 
are not improved or eliminated, if incapable of such improvement ? The range of recovery 
of sugar of the different units of the sugar industry is a case in point. There isa great 
wastage of some of our resources, for example that of canal water, as there is no payment 
by volume and there is no controlled irrigation. The recovery of sugar from cane in the 
manufacture of gur and khandsari is very low indeed. We literally burn about 100 crores 
of rupees worth of sugar in the bagasse from cane that goes to the manufacture of these 
two commodities because of poor extraction. 


We are also more or less inexperienced in many things and it behoves us including 
the authorities at the top to carefully study the problems before us and arrive at a sound 
decision. Government scientific departments have difficulties in getting financial support 
or their points of view accepted by the authorities and by the general public. The latter 
has also difficulty in understanding what is being done by official or unofficial scientific insti- 
tutions. There are also the problems of internal and import and export trade which have a very 
significant bearing on the scientific policy of the State. Are the industries utilizing the known 
scientific processes and methods to the best advantage? Even in an advanced country like 
United Kingdom it is recognized that this is not being done. In India the gap between what 
is known and what is being practised is undoubtedly much greater. The efficieney of indus- 
try and agriculture requires a large number of trained men to run the factories and guide 
operations properly and at the least cost; also the life of machines depends on how it is 
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handled so also its turnover in a given time. Specialized training of foremen, technicians etc , 
and in general, the facilities for personnel training have to be expanded on a vastly greater scale 
to cover a very wide range of activities. This is essential for the economic progress of the 
country. We are following the same traditional methods of education and training for de- 
eades although all of us join in emphasizing the fact that the present situation is unsatisfac - 
tory. This sort of periodic all-round condemnation will not set the situation right. We 
must know what measusures we have to adopt and put them into operation. 


A welcome development in recent years has been the establishment of large factories 
for the manufacture of special kinds of articles vitally needed by us, such as the Sindri 
Factory, the Chittaranjan Locomotive Factory, the Hindusthan Aircraft Corporation and 
others. These are being established both by the Government and the leaders of industries. 
Another welcome feature of these efforts is the arrangement by which our men will be 
trained by the foreign experts with whose help and active co-operation these factories and 
industries are being established. Such co-operation from outside is essential for many 
lines of development and we should have no hesitation to obtain such help from other coun- 
tries. There is, however, one aspect which does not seem to be receiving sufficient attention. 
We can get such help only when there is a field of common interest but there are many 
lines of development which may not be of much interest to manufacturing organizations in 
other countries. This dependence of the exploitation of our resources on outside help is 
likely to make our industrial advancement lop-sided and unbalanced. Further, we must 
visualise the day when we can be expected to stand on our own legs to a reasonable extent. 
We have to build up our scientific, technological, technical and engineering potential. We 
have an example of how this can be done by a forced march in the manner in which many 
belligerent countries solved immediate scientific and technical problems during the two 
world wars. All such efforts certainly would mean expenditure, but if we consider carefully, 
such expenditure will repay the outlay many times more, and quickly. People who learn to 
run a factory based on existing methods and processes borrowed from another country 
necessarily do not get the time or the facility to evolve better or new processes. Asa 
result of the striking progress of the chemical industries in Europe and U.S.A. in recent 
years, we have become much more dependent on the starting chemicals required in many 
of our industries. We have enough coal resources to enable us to build up a number of 
sound chemical industries. Germany, like India, has no petrol butshe built up the chemical 
industries which was up to recent years the envy of other countries. There is little hope of 
any large scale development and utilisation of scientific talent unless our industry and agri- 
culture are expanded on a vastly large scale. 

I have tried to give briefly some of the factors concerning the development and 
utilization of scientific talent in India. The subject is no doubt receiving attention in various 
degrees but it is so vitally important that it deserves concentrated and systematic attention. 
The importance of a scientific policy for the State has been realised in the U. K., U.S. A. 
and other countries. The unofficial scientific organizations such as the National Academy 
of Sciences in the U.S. A., the Royal Society in the U. K. and learned societies dealing 
with particular branches of sciences, all play a vital role in promoting science and in 
making available to the State and industry their advice on scientific matters. The Council 
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of Scientific and Industrial Research in recent years has made grants to our non-official 
scientific socicties which has gone some way to help them carry out their essential func- 
tions but a greater realization by the State and the public of the usefulness 
of these institutions and societies seems to be necessary. But while the State, 
industry, agriculture and the public have duty in ensuring that a rapid development of 
scientific talent takes place and that it is properly utilized, it is for the scientists 
and the scientific societies also to ensure that they do their best to maintain standards of 
research and to promote science and its applications on right lines. A considerable amount 
of searching of our own hearts is also necessary as to whether we are doing our 
best in these respects. 


The question of employment of our men trained in scientific subjects is another 
aspect for serious attention. Many trained men do not find an opportunity to get 
employment where they can utilize their knowledge and experience. The emoluments 
offered are often very poor. There is a great number of misfits and a great deal 
of wastage of scientific talent. It seems very much desirable that the Central Government 
as also the State Governments should be guided by Advisory Councils on Scientific Policy. 
Our Ministers will, itis believed, be the first to confess that many of them are new to 
their jobs and a few months ora few years of study of problems may not help them 
much in formulating and implementing a scientific policy. 

It also seems very much desirable that the different aspects of the situation before us 
could be better studied and opinions of competent authorities or bodies collected through 
the appointment of The President’s Commission after its terms of references have been care- 
fully decided upon. The personnel of the Commission should be such that the Government 
may be sure to have reliable advice. 
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ION ACTIVITY MEASUREMENTS WITH RESIN MEMBRANE ELECTRODES, 
PART IL DETERMINATION WITH BIVALENT IONS AND BEHAVIOUR 
OF MEMBRANE ELECTRODES WITH CATIONIC MIXTURES 


By S. K. Sinwa 


Resin membrane electrodes have been used to measure the activities of bivalent cations, viz., Ca and 
Mg, in electrolytic solutions. The range of concentrations to which measurement is possible is less in the 
case of bivalent ions than in monovalent ions. A new resin, viz, RF-resin, has been found suitable for 
the measurement of Na-ion activity in presence of Ca ions. Possibility of determination of Na-ion activity 
in presence of K ions and vice versa with the help of “mobility ratio” has also been indicated, using 
resin membrane electrodes. 


In an earlier communication (Sinha, this Journal, 1953, 30, 529) saveral ion- 
exchanging resins as electrode material for the measurement of sodium, potassium and 
hydrogen ions in electrolytic solutions were used. The present paper deals with the 
measurement of the activities of Ca and Mz ions in chloride solutions, and the determina- 
tions of Na-ion activity in presence of Ca®* ions. It also indicates the possibility of 
determination of monovalent and bivalent ions in mixtures of the two. 


ExPERIMENTAL 


The experimental methods, including preparation of the membranes and standard 
solutions, are essentially the same as those described previously (Sinha, Joe. cit.). Amberlite 
TR-100, TR-120, IRC-50 (Rohm & Hass, Co.) and IONAC C-200 (American Cynamid Co.) 
were amongst the commercially available resins which were used for the preparation of 
the membranes. Two resins, RF and MF (cf. Part I) were prepared by the author by 
the condensation of formaldehyde with resorcylic acid, and a mixture of m- and o-hydro- 
xybenzoic acids respectively, both in presence of an alkali catalyst. 

The activities of Ca2* (Robinson, Trans. Faraday Soc. 1940, 36, 735 ; Shedlovsky 
and MacInnes, J. Amer. Chem. Soc., 1937, 59, 503) and Mg®* (Robinson and Stokes, Trams. 
Faraday Soc., 1940, 35, 733) ions were calculated from the mean activity coefficients of the 
ions compiled frum the works referred to against each. Calcium and magnesium chloride 
solutions were analysed and their molalities adjusted accordingly. 

For each measurement at least three different membranes of the same resin were used 
and the mean value of the equilibrium potentials was recorded. The E.M.F. measurement 
was reproducible within + 0.1 mv (ef. Part I, loc. cit.). 

Measurement of Calcium-ion Actirity—The E.MF’s recorded in Table I were 
measured by interposing two calcium chloride solutions of known calcium-ion activities 
on either side of the membranes. The theoretical values of the E M.F.’s were calculated 
with the help of the Nernst equation and compared with the experimental values. 
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Taste I 
Conc. of electrolytes Experimental E.M.F. using Theoretical 
Cy:C. (g. moles Amberlite IONAC Amberlite E. M. F. 
per 1000 g. HO ). IR-100. C-200. IR-120. 
0.00115/0.000108 26.8 mv 28.6 mv 24.0 mv 28.1 mv 
0.00425/0.00035 278 27.6 25.0 
0.01730/0.00115 29.4 27.9 25.2 
0.07700/0.00425 28.6 27.4 26.0 
0.36000/0.0900 13.1 12.5 _ 14.05 
0.8050/0.3600 8.6 8.0 
1.3600/0.8050 5.1 4.0 


Measurement of Magnesium-ion Activity.—Magenesium-ion activity in magnesium 
chloride solutions was measured in a similar way and the results are embodied in Table II. 


Taste II 
Experimental E.M.F. using 
Conc. of electrolytes Theoretical 
C,:C, (g. mol./1000g. HO). Amberlite IONAC Amberlite E. M. F. 
IR-100. C-200. IR-120. 
0.000330/0.000106 14.6 mv 145 mv 15.2 mv 14.05 mv 
0.001152/0.000330 14.2 14.05 13.8 . 
0.00398/0.001152 14.2 1405 13.8 
0.01490/0.003980 13.7 13.5 13.7 
0.05600/0.01490 14.1 14.0 110 
0.2600/0.09500 13.1 13.3 one 
0.6200/0.26000 8.3 81 sa 
1.0600/0.6200 46 5.2 ~o 


It was observed that the RF-resin membranes did not respond to calcium ions, 
possibly, because they were not reversible with respect to these ions within the concen- 
tration range studied. The carboxyl groups present in this resin are likely to prevent, * by 
way of strong adsorption, reversibility of the Ca?* ions. The results with this and MF- 
resins, and Amberlite IRC-50, also a carboxylic resin, are shown in Table III. 


Taste III 


Measurement of calcium-ion activity with the help of carboxylic acid resins. 


Conc. of CaCl, (g. mols. Experimental E. M. F. using Theor. E. M. F. 
per 1000 g. H 3°). ‘oi 4 
Amberlite RF-resin. MF-resin. 
IRC-50. 
0.0770/0.00425 25 mv - 1.0 mv* 0.3 mv 2.8 mv. 
0.01730/0.00115 8.4 +10 4.0 
0.00425/0.00035 9.6 +15 5.0 


* Negative sign indicates reversal of membrene cherger 
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Discusston 
The concentration limits at which the Nernst equation is valid in the case of bivalent 
cations can be seen from the data recorded in Tables I and If and also from Fig.1. For 
monovalent ions (cf. Part I), the upper limit of concentration is nearly 1 molal, and is therefore, 
much higher than that for Ca or Mg ions. A similar observation was also made by 
Marshall e¢ al. (Soil Sci. Soc. Amer. Proc. 1946,11, 171; J. Amer. Chem. Soc., 1948, 
70, 1302 ) who used clay membrane electrodes. 
Fig. 1 
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The lower limit in the case of bivalent cations may be due to a reduction in the 
charge ‘A’ of the membranes, as pointed out by Marshall, or in the dissociation of the Ca or 
Mg ions from the membrane surface (Marshall e¢ al., 1948, loc. cit.). The dissociation 
may possibly be entirely prevented, if the ion is strongly adsorbed. As a result, the 
membrane will no longer be reversible with the strongly adsorbed ion. This concept has 
been followed up in the next section dealing with the measurement of ionic activity in 
mixtures of ions. 

Ion- activity Measurements in Mixtures of Ca and Na Ions 

It can be seen from the above data that RF and MF resins (and Amberlite IRC-50 
to some extent) are almost insensitive to Ca?* ions, especially at the higher concentration 
range, but they respond to Na*and K* ions, and to a certain extent to Mg?* ions. This impor- 
tant property of the carboxylic acid type resins can be utilised in the measurement of Na 
and K-ion activities in presence of Ca?* ions. ‘Table IV records the results of measurements 
of Na-ion activity in presence of Ca?* ions, using RF-resin membrane electrodes. 


Taste IV 
Measurement of Na* ion activity in presence of Ca** ions usen 
RF-resin membrane used. 
Molality (m) of Ionic. Activity of Naions. Molality (m) of Ionic Activity of Na ions. 


solns. strength. Found. Calc. solns. strength. Found. Calc. 
NaCl. CaCl... NaCl. CaClg. 


0.0905 0.0002 0.0001 0.0005 0.0005 0.0049 00092 0.0054 0.0043 0.0046 
0.0016 0.00005 0.0017 0.0016 0.0015 0.0154 0.0002 0.0160 0.0139 0.0139 
0.0049 0.00095 0.005 0.0045 0.0045 0.0500 0.0002 0.0505 0.0420 0 0420 
0.0154 0.00995 0.0155 0.0145 0.0140 0.0599 0.002 0.0560 0.0500 0.0420 
0.1648 0.0002 0.1650 0.1240 0.1234 0.0016 0.0006 0.0034 0.002 0.0015 
0,0005 0.0006 0.0022 0.0004 0.0004 0.0016 0,002 0.0076 0.005 0.002 
O.00L6 0,0002 0.0020 0.0022 0.0015 . 
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It will be observed from the data recorded in Table IV that the measurement of Na* 


it ion activity becomes possible only at low Ca®* ion concentrations. For concentrations of 
- CaCl, solutions not exceeding 0.002 m, the observed activity of Na* ions fairly agrees with 
2, the theoretical value, at least for solutions having Na* ion concentrations much higher than 
y the added Ca®* ion concentration. With CaCl, solution alone, however, the membranes 


are almost insensitive to Ca®* ions, especially, at the higher concentration ranges (Table ITI). 
Perhaps, the membranes become partially reversible with respect to the Ca®* ions in 
presence of the Na* ions in the exchange positions. 


Mixtures of Monovalent Ions 


It has not been possible so far to develop membranes which would measure 
exclusively the activity of, say, K* ions in presence of Na* ions and vice versa. But such 
measurements are sometimes very useful. This has been achieved by Marshall (J. P hys. 
Chem , 1944 48, 67) in an indirect manner by a determination of the “mobility ratios” 
of the ions concerned within the membrane itself. 


By applying the Henderson equation for liquid junctions to the case where a KC! 











B solution of activity a'x* is separated from a mixtures of KCI and NaC! solutions having K* 
4 and Na* ion activities equal to a"x* and a''y,* respectively, it can be shown (cf. Marshall, 
1 loc. cit.) that, 
2 
‘ E= RT, a'x* 
l F aly +*Uxa” alya* 
ux 
The value of — -can be experimentally determined by making a "x+=0. 
l K 
To determine the values of a"x* and a™na* it is necessary to determine tva/wx for a 
; second membrane. The E. M. F. thus obtained for the two sets are : 
|: a, ae 
F ax? +(wse_) awa, 
UNa I 
7+ 
E y= 2h n- ee ebesiaaer 
a",* +(ts ) awa + 
uK 


By solving the two simultaneous equations, the value for a™na” and a'x* can be 
calculated. In order to obtain good results the “mobility ratios” of the membranes should 
be as wide as possible. The values of the “mobility ratios” obtained with several 
membranes are recorded in Table V. 


2 
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TaBLE V 
“Mobility ratios” of different ions 
Inner soln. Outer soln. H,* —H,* in calories using 


+ 
K . 
a,* nea - with membranes of IONAC C.-200. pera 


. Na* 


IONAC C-200. RF-resin. 
1.259 1.548 
1.355 1.524 
1318 1.610 
1,355 1.466 
1.361 1,521 


Ay, -H, 


4 





“A 





8.626 1284.0 
8.569 ‘ 1280.0 
6.503 . 1253.0 
6.492 . 1115.0 
6.774 . 1140.0 
@c,**, Ou". Uo,"*. Hog**~ Aygs+. 
Ung” 
0.3003 0.0003 1.727 325.7 
0.0009 0.0009 1,585 274.6 
0.0027 0.0027 1,368 186.6 
0.0081 0.0081 1.169 93.05 


The “differential heats of adsorption” or the difference in bonding energies (cf. Marshall, 
J. Phys. Coll. Chem, 1948, 52, 1284) are calculated from the “mobility ratios” and 
shown in the last column of Table V. This is found to be constant within 
limits of experimental error in the case of monovalent cations but decreases with 
increasing concentrations of Ca?* and Mg?* ions. It is to be pointed out that the sodium- 
potassium “mobility ratios” of the two membranes studied here are not sufficiently wide to 
enable accurate calculations of the individual ionic activities in a mixture of the two. 


The author’s thanks are due to Dr. S. K. Mukherjee, University College of Science 
for helpful suggestions and keen interest, and to Dr. P. C. Rakshit, Head of the Depart- 
ment of Chemistry, Presidency College, for providing laboratory facilities. 
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ION ACTIVITY MEASUREMENTS WITH RESIN MEMBRANE ELECTRODES. 
PART III. DETERMINATION OF ANION ACTIVITY 


By 8S. K. Suva 


Membrane electrodes prepared from different anion-exchanging resins have been used for the mea- 
surement of the activity of chloride and sulphate ions. The effect of cations on the activities of the chloride 
ions have also been studied. Attempts to measure the activities of polyvalent ions with suitable mem- 
branes have yielded some interesting results. 


In previous communications of this series (this Journal, 1953, 30, 529; 1954, 31, 572) 
membrane electrodes, prepared from ion-exchanging resins, have been used to measure the 
activities of cations’in electrolytic solutions. Sollner e¢ al. (Tech. Rev. 1950, 97, 139C) 
have used collodion membranes, impregnated with protamine, to measure the activities of 
chloride, bromide, iodide and acetate ions. So far, no attempt to measure the activities of 
anions with resin membrane electrodes has been reported. The present paper deals with 
the measurement of activities of chloride and sulphate ions with membrane electrodes, 
prepared from basic resins. Attempts have also been made to measure the activities of 
polyvalent ions, both cations and anions, using suitable membranes. 


ExPERIMENTAL 


The experimental methods, including preparation of the membranes and standard 


solutions, are essentially the same as those described in earlier papers (loc. cit.). The follow- 
ing commercially available anion-exchanging resins have been used in course of the pre- 
sent investigation. 

1. Amberlite IR-4B is a modified phenol-formaldehyde polyamine condensate, pre- 
pared by Messrs. Rohm & Haas Co., Philadelphia. It was obtained in the OH-form. It 
is a weak base and the total exchange capacity is 1.0 m.e/g. 

2. IONAC A-300 is an amine type anion exchanger, prepared by the American Cy- 
namid Co. It is an intermediate base with a total exchange capacity of 7.4 m.edg. 

3. Amberlite IRA-400 is a strongly basic anion exchanger prepared by Messrs. Rohm 
& Haas Co. It is monofunctional in nature and has a total exchange capacity of 
2.3 medg. 

The cation exchangers IONAC C-200, Amberlite IR-100 and Amberlite IRC-50, used 
for polyvalent cation-activity measurements have already been described in Part I of this 
series (loc. cit.). 

Sodium chloride and sodium sulphate solutions of known ionic activities were pre- 
pared (Harned and Owen, “The Physical Chemistry of Electrolytic Solutions”, 1943), such 
that the ratios of anion activities for successive pairs were either 3:1 or10:1. The acti- 
vities were calculated on the assumptions that in KC! solutions, the K* and Cl” ions have 
got the same activity coefficients and, also. that any ion has got the same activity coeffi- 
cint in solutions of the same ionic strength (Lewis and Randall, “Thermodynamics”). 

Lanthanum chloride solutions were analysed and molalities adjusted to the desired 
values. La-ion activities were obtained from Lewis and Randall (Joc. cit.) 
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For each measurement, at least three different membranes of the same resin were used 
and the mean value of the equilibrium potential was recorded. The E.M F. measurements 
were reproducible within +0.1 mv (cf. Part I, loc. cit.). 

Determination of Chloride-ion Activity in Chloride Solutions 

For all practical purposes such standard electrodes as Hz—Hg-Cl, or Ag—AgCl, 
which are reversible witi respect to the Cl-ions, are easily available in suitable form for the 
measurement of Cl-ion activity. Of the two, Ag—AgCl is the most expedient. Resin mem- 
brane electrodes, as we have noticed with a number of them made from cation-exchanging 
resins, have certain special advantages. It was therefore advisable to see which of the 
anion-exchanging resins, if any, could be satisfactorily used for the measurement of anion 
activities. The main defect with the membrane electrodes is, of course, the limited range of 
their usefulness. The results of Cl-ion activity measurements, shown in Table I, are those 
obtained with a number of anion-exchangers and different chloride solutions. 


Tassie I 
Measurement of aci- in chloride solutions. 
Ratio of activities Experimental E. M. F. using 
eT Amberlite Amberlite IONAC Calc. E.M.F. 
in lens IR-4B. IR-400. A-300. 
Sodium chloride. 
0.00292/0.00097 28.1 mv 25.2 mv 28.3 mv 28.1 mv 
0.00877 0.00292 24.2 25.0 28.1 - 
0.0263 /0.00877 24.3 25.0 26.2 
0.0789 /0.0263 22.7 23.0 25.5 
0.2367/0.0789 23.4 15.5 22.9 - 
1.000M/0.107M 27.1 ; a 55.6 
2.000.M /0.25M 26.0 
4.000M/0.70M 145 
Potassium chloride. 
0.00292/0.00097 om si 28.6 28.1 
0.00877/0.00292 os bis 28.4 
0.0263/0.00877 sais we 25.1 
0.0789/0.0263 “ om 23.1 ™ 
0.2367/0.0789 on -_ 21.5 
Magnesium chloride. 
Ratio of conc. of electrolytes 
(g. mol./1000g. H,O). 
0.00033/0.000106 ee sl 30.2 30.1 
0.001152/0.00033 oti = 31.0 315 
0.00398/0.001152 re ate 30.5 30.6 
0.0149/0.00398 = _ 31.8 315 
0.0560/0.0149 ane eve 28.0 30.5 
0.2600/0.0950 ide ate 16.7 24.6 


0.6200/0.2600 eee ove 14,5 20.7 
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From the above table it may be observed that for equivalent chloride-ion concentra- 
tions in sodium chloride, potassium chloride and magnesium chloride solutions, the agree- 
ment between the calculated and observed E.M.F’s. is best with magnesium chloride, whereas 
with monovalent chlorides, the values are definitely lower. A similar effect of the non- 
critical ion was also observed by Sollner and his collaborators (loc. cit.). They found that 
with protamine-collodion membranes the agreement between the calculated and experimental 
concentration potentials was best with magnesium chloride and that ideal ionic selectivity was 
reached in this case, whereas with monovalent cations the disagreement seemed much 
greater. A similar effect, though not so prominent as in the case of collodion membranes, 
is also noticeable in the case of resin membranes. 


Sollner (Joc. cit.) has sought to explain the cffect of the ‘non-critical’ ion on the 
measurement of chloride-ion activities as due to the greater size of the hydrated Mg ion. 
As a result of this, the ionic leakage of the ‘non-critical’ ion, which is responsible for the 
lowering of the observed potentials, becomes negligibly small. 


But in the case of the resin membranes, the discrepancy may be due to the presence 
of an acidic group (most probably phenolic in nature) in the particular resin used for these 
measurements. This weak phenolic group may actually set up an opposing E.M.F. with Na* 
and K* ions, but will scarcely be reversible with respect to Mg?* ions. Sollner (loc. cit.) 
has also pointed out the existence of an acid group in protamine-collodion membranes. 


Measurement of Sulphate-ion Activity in Sodium Sulphate Solutions 


The sulphate-ion activity of a solution can be measured by using such electrodes as 
Hg—Hg2S0O, or Pb (amalgam)-PbSO, etc., but their uses are limited by the fact that fresh 
electrodes are required for every measurement. Moreover, the Hg,SO, in the electrode 
always gives erroneous results if the solubility of Hg,SO, is neglected. The resin membrane 
electrodes, as we have already seen, are quite handy and can be used for a fairly long period. 
The measurements of sulphate-ion activities were made in Na,SO, solutions and the acti- 
vity coefficients of the sulphate ions were calculated from the mean activity coefficients 
of NagSO, solutions and the activity coefficient of the Na* ions The sulphate-ion activi- 
ties were also checked up with Hg—Hg.SO, electrodes. The results of measurements are 
recorded in Table IT. 


Taste II 


Measurements of SO,?~ ton activity in sodium sulphate solutions. 


Ratio of activities Mean exptl. E. M. F. using E. M. F. 
E. M. F. with 
alls, -| also,2 = jap IONAC A-300. (Theor.). Hig Me00« 
0.00168/0.00056 12.6 mv 11.0 mv 14.05 mv 12.0 mv 
0.00505/0.00168 11.0 13.0 * 340 
0.01514/0.00505 9.0 7.1 * l 


0.01514/0.00168 21.2 22.0 
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As will be evident from the above data, the range of-validity of the Nernst equation 
is less with SO4?” ions than with Cl” ions. Evidently, the same considerations, as have 
been given in Part IT (/oe. cit.) in the case of bivalent cations, are also applicable here. 


Measurement of the Activity of Polyvalent Anions 


Attempts to measure the activities of polyvalent ions, both-anions and cations, using 
resin membrane electrodes met with little success. They, however, bring certain important 
points for further considerations, and therefore, deserve mention. 

The measurement of phosphate-ion activity was attempted in Na, HPO, and HsPO,4 
solutions. The HPO,4?~ ion activities were measured with the help of Hg—Hg2HPO, elec- 
trodes (Birckel, J. chim. anal., 1943, 25, 173) and the corresponding pa values of the 
solutions were also measured. But the results with resin membrane electrodes (IONAC 
A-300) showed a revrsal in the sign of the measured E.M.F. This possibly arises 
from the fact that the charge on the membrane is reversed as a result of the adsorption of 
the phosphate ions. 

A similar reversal of membrane charge with La** ions was observed by S K. Mukherjee 
(unpublished) using clay membranes. It was therefore of interest to see the performance 
of the cation-exchanging membranes towards polyvalent cations. For this purpose, the 
La-ion activity measurements were made using three membrane electrodes (Table III). 


Tas_e III 


Measurements of La-ion activity in LaCls solutions. 


Ratio of activities. *Experimental E. M. F. using (ites) 
IONAC C-200. IRC-50. IR-100. 

0 00075/0.00021 + 86 mv —14.0 mv + 83 mv +93 my 

0.0188/0.00075 + 3.5 —18.0 —16.2 

0.100/0.0188 + 22 —16.0 —18.5 

0.0188/0.00021 +10.1 ‘a hie +186 


*The positive sign before the E. M. F. indicates that the more dilute solution is the positive terminal, 


as it should be. 


Only in the case of IONAC C-200 and very dilute solutions (less than 0.0007 molal) of 
LaCl; solutions, the observed E.M.F.’s approach the theoretical, but the discrepancy widens 
out at higher concentrations, the observed values being lower With the RF-resin (not 
shown in the table) and IRC-50, negative values of E.M.F. are obtained. Itis likely that 
resins strongly adsorb La® ‘ions, causing the charge to be reversed, and hence the polarity 
of the electrodes themselves. 


The author’s thanks are due to Dr. S. K. Mukherjee of the University College of Science 
for his helpful suggestions and kind interest, and to Dr P. C. Rakshit, Head of the Dept. 
of Chemistry, Presidency College, for providing laboratory facilities. 
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STUDIES IN THE FRIES REARRANGEMENT. PART XI. 
ESTERS OF FUROIC ACID 


By A. B Sen anv 8S. BoatracHarii 
Six esters of furoic acid with phenol, 0-, m-, p-cresols,<- and B-naphthols have been rear- 
ranged, and the corresponding ortho- and para-ketones characterised through their dinitrophenyl- 
hydrazones. 

In continuation of our previous work (Curr. Sci. 1951, 20, 132) the reaction has now 
been extended to the phenolic esters of furoic acid, Except for the reported preparation 
of p-hydroxyphenylfuroy! ketone (Gilman and Dickey, Rec. trav. chim., 1933, 52, 389), 
the rearrangement of such esters does not appear to have been attempted. 


The esters of phenol, o-, m- and p-cresols, <-and 8-naphthols have been rearranged 
at 120°-130° in carbon disulphide, using aluminium chloride in the ratio of 1.5 mole to 
1 mole of ester. ‘he first three esters yield both the ortho- and para-ketones, the former 
being the major product. p-Cresyl furoate gave the ortho-ketone in a very good yield. In 
the case of «-naphthy! ester, low yields of the ortho-ketone were obtained along with 
difuroyl-<-naphthol and unchanged ester (7%). 8-Naphthyl ester rearranged to a viscous 
yellow product, not volatile in steam, soluble in alkali and givingan olive-green colour 
with ferric chloride. It could not be distilled or crystallised and it was not possible to 
prepare the dinitrophenylhydrazone. 


The reaction was also attempted with phenyl furoate using nitrobenzene as a solvent 
at room temperature (20°) for 24 hours, and at 60° for 1 hour, but in both cases there 
was no rearrangement, the ester being recovered. ; 

An attempted rearrangement of the phenyl! ester of furylacrylic acid failed as the 
aluminium chloride complex of the rearranged product could not be decomposed, even on 
prolonged boiling with concentrated hydrochloric acid. 


ExPERIMENTAL 


Furoic acid was prepared from furfural by the Cannizarro reaction (Vogel, “Practi- 
cal Organic Chemistry”, p. 792). Furoyl chloride was obtained by refluxing furoic acid 
with excess thionyl! chloride at 100° for 12 hours in dry benzene (Mndzhayan, J. Gen. Chem. 
USSR., 1946, 16, 751), b.p. 118-20°/50 m.m., yield 70% Mndzhayan gives b.p. 91°/22 mm, 
and yield 96.5%. 

Phenol esters of furoic acid were prepared by the condensation of the phenol 
(0.1.M) with furoyl chloride (0.11M) in benzene solution in the presence of magnesium 
(Spasov, Chem. Abst., 1940, 34, 2343). 


Taste I 
Furoates. M.P./B.P. Yield. %Carbon. % Hydrogen. 

Found. Calc. Found, Calc. 
ae cx iH =! Os) ) 41-43° 60% 69.85 70.21 4.43 4.25 
o-Cresyl (C,¢ 22° 

10/3 an-7n ' 58 71.03 71.28 5.10 4.95 
m-Cresyl “ 50- -2°/3.5mm. e 
(lit. b.p.155°) fat) 70.84 71.28 5.12 4.95 

p-Cresyl "a 57-58° (lit. m.p.55°) 70 71.20 71.28 5.41 4.95 
&-Naphthyl (C,,H,,O3) 41-43° 42 75.12 75.63 4.34 4.20 
B-Naphthyl _ ,, 120-21° 53 75.74 75.63 4.43 4.20 


Fries Rearrangement.—The appropriate ester (5 g.) in CSq (15 c.c.) was refluxed with 
AICI; (5 g.) for } hour and CS, distilled off, and the residue heated at 120°-130° for 1} 
hours. After decomposition with ice and HCl (conc.) the reaction product was steam dis- 
tilled to separate the ortho-ketone, which was further purified by distillation or crystallisa- 
tion from petroleum ether. The non-volatile residue was worked up in the usual manner 
- ~ para-ketone. It was purified by distillation or crystallisation from dilute 
alcohol. 


The ortho-ketones gave Pyman’s test. All the ketones were characterised through 
their dinitrophenylhydrazones. The results of the rearrangements are summarised in Table LI. 
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KINETICS OF ALDO-ENOL CHANGE 


By M. M. Boxapra ayp S. S. DesHaPANDE 

The velocity of change of hydroxy (enol) forms of oxymethylene methylethyl ketone and oxymethyl- 
ene diethyl ketone in the equilibrium mixture has been measured in alcoholic solution at ‘different .tem- 
petatures with the former ketone, and only at room temperature with the latter. Pure potassium deriva- 
tives of ethyl acetoacetate and oxymethylene menthone have been prepared and analysed. From the potas- 
sium derivatives the parent compounds were regenerated and their enol contents determined from the 
moment of generation up tothe time of reaching equilibrium. In case of oxymethylene menthone this 
change was also followed by polarimetric measurements. 

The velocity with which one form in a tautomeric system changes into another 
depends on the nature of the system and also on the individual member there of. Ina 
number of cases this change is generally slow at room temperature. For instance, in 
the classical example of ethyl acetoacetate Knorr has shown that the conversion of eno! 
or keto form into equilibrium mixture at room temperature occupies several days, while at 
100° the change is complete in one minute (Ber., 1911, 44, 1138). In the case of a solution, 
the velocity will also be influenced by the nature of solvent. 

Since chemical reagents employed in estimating enol in a keto-enol mixture by a 
chemical method catalyse the tautomeric change, the estimation has to be done under con- 
ditions such that only inappreciable change takes place during the period of estimation (cf. 
K. H. Meyer, Ber., 1911, 44, 2718 ; 1912, 45, 2843). It is possible that even with such pre- 
caution, the enol value may not be reliable. This, for instance, is the case with tetronic 
acid (I) whose enol value by Meyer’s method comes out to be 120-135%(Kumler, J. Amer. 
Chem. Soc., 1938, 60, 857). This is because the corresponding bromoketone formed in the 
process almost immediately turns into its enol which absorbs further bromine. 


(I) 

The object of the present investigation is to study the velocity of tautomerisation of 
certain enols belonging to aldo-enol system. 

2-Formy] ketones (II) in solid homogeneous crystalline condition are 100% enols 
and are therefore pure hydrox)methylene ketones (III) (Bokadia‘and Deshapande, this 
Journal, 1949, 26, 455; 1950, 27, 548 ; 1952, 29, 409). 

R-CO-CHR’-CH=0 R-CO-CR’=CHOH 
(II) (III) 


_ It will: be seen from the experimental part that the velocity with which they tauto- 
merise to produce equilibrium mixture is extremely small. For instance, the sc lid hydroxy- 
methylene methylethyl ketone (III, R=R’=Me) and _ hydroxymethylene diethy] 
ketone (III, R= Et ; R’'=Me)-in alcoholic solution at room temperature produce their cor- 
responding equilibrium proportion in the course of about 40 days. Inthe case of former 
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ketone in alcoholic solution at 60°, the equilibrium is reached in 19 days, while without 
using solvent and in fused condition (74’) it is reached in 4 hours. 


When a 2-formy! ketone is not obtainable in a solid crystalline form, its existence as 
a pure individual tautomeride is doubtful. Measurement of the enol content of the liquid 
reveals that the enol is high but never reaches the value of 100% (Bokadia and Desha- 
pande, loc. cit.). 


Since Knorr obtained pure enol of ethyl acetoacetate by decomposing the sodium 
derivative of the ester with theoretical amount of dry hydrochloric acid, it might be 
thought that this would serve as a method of obtaining pure enol in other cases also, 
because the sodium derivative can be only of pure enol. This, however, is not correct. 
The sodium derivative is made of Na* cation and two mesomeric anions in equilibrium 
with one another. 


a i i 
[ O=C-CH-CO3Et = O-C=CH-CO, Et | Na 


On adding one equivalent of acid the sodium is replaced by hydrogen and ethyl 
acetoacetate is formed which is not ionised to the same extent as the sodium derivative 
and in which the proportion of the two mesomeric anions is not the same as in the deri- 
vative. This proportion is also determined by the nature of the solvent and by tempera- 
ture. The solvent used by Knorr was hexane avd the temperature was—78°, and since 
both these factors favoured enolisation, the enol pure could be obtained. 


We used pure potassium derivative of ethyl acetoacetate and decomposed it at — 15° 
in alcoholic solution with equivalent amount of alcoholic hydrochloric acid. The observation 
made immediately after adding the acid showed enol content to be 26.7% and the equilibrium 
value of 8% enol was reached in 90 minutes. 


That in the sodium derivative of a tautomeric substance there exists a mesomeric 
anion with negative charge upon carbon in equilibrium mixture with anion with negative 
charge upon oxygen has been demonstrated by Kuhn and Albrecht (Ber., 1937, 60B, 129) 
in the case of 8-nitrobutane whose sodium derivative is found to be optically active. This 
can happen only in the case of the anion ([V) in which the negative charge on the carbon 
is shown by a pair of unshared electrons occupying one corner of a tetrahedron. 


CHs o CH 0 : 
C,H,-C =N-O =  0©,H;-C-—N=O | Na’ 
(IV) 


Further confirmation on the point is derived from the work of Schriner and Young 
(J. Amer. Chem. Soc., 1930, 52, 3332) on optically active metallic derivative of f-nitro- 
octane. 


Although 100% enol cannot generally be obtained by adding equivalent amount of 
acid to metallic derivative of a tautomeric compound, the method affords means of at least 
raising the proportion of enol. In the case of 2-formyl ketones the already existing high 
enolic proportion - the hydroxymethylene ketones (ILI) - can be further increased by the 
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above method. Thus, we found that when 2-formylmenthone (enol content 70%) was con- 
verted into its potassium derivative from which it was regenerated, the enol content, imme- 
diately on regeneration, was observed to have risen to 97% This value gradually fell and 
reached the equilibrium value (70%) in course of 33 hours in alcoholic solution at room 
temperature. The change from the moment of generation up to the time of reaching equi- 
librium could also be followed by polarimetric measurements in this case. With 97% enol 
the rotation was -5°.3 and at equilibrium (70% enol) it became +3°.6. There was therefore 
an inversion in rotation in passing from the first to the second stage, 


EXPERIMENTAL 


The velocity of change of hydroxy (or enol) form of hydroxymethylene 
methylethyl ketone in the equilibrium mixture in alcoholic solution was studied under 


different conditions. 


(a) At room temperature (23°).—Hydroxymethylene methylethyl ketone (5.0 g.) 
was dissolved in absolute alcohol and the solution was made up to 250 c.c. in a well stop- 
pered measuring flask. It was kept at room temperature. Enol content of the solutio® 
was measured by Meyer’s method (loc. cit.) at different intervals. In each estimation 
10 c.c. of this solution was used. The results obtained are recorded in Table I, 


TaB.eE I 

Time. Enol. Time. Enol. 
0 100% 30 days 49.2% 
5 days 85.2 35 46.0 
10 71.9 38 45.0 
15 6€.0 40 45.0 
20 58.3 45 45.0 
35 53.0 50 45.0 


. (6) At 60%.—The solution was prepared in the same way and was preserved at 60°. 
Estimation of enol was made by colorimetric method using fresh hydroxymethylene methyl- 
ethyl ketone as the standard. The results obtained are shown in Table II. 


TaB.eE II 
Time. Enol. Time. Enol. 
Fresh 100.0% 9 days 47.5 
3 days 69.5 12 43.4 
4 63.7 13 43.4 
5 62.5 14 43.4 
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(c) In fused condition (14° ).—In me, of seven well eeu test tubes pure hydroxy- 
methylene methylethy! kétone (0.10 g:)' was placed." They. were maintained at’ 74°." After 
eath hour one test tube was removed and the enol content of the hydroxymethylene in it 
tas estiniated dolorinietrically. The results obtained ‘are recorded in Table ITT. , 


Tasie III 
Time. Enol. he Time. Enol. 
Fresh 100% 3 hts. 51.3% 
lhr. 76.3 4 445 
2 57.7 5 44.5 


Velocity of Change of Hydroxy (or Enol) form of Oxymethylene-diethyl Ketone into 
the Equilitrium mizxturé -'in alcoholic” solition at room temperature (23°)—A 
standard ‘solution’ of pure hydroxymethylene’ diethyl ketone (m.p. 40°; 100% enol) was 
prepared in the same way as described in the case of oxymethylene methylethyl ketone. ‘The 
solution was kept at room temperature (23°). The enol content of this solution was found 
by Meyer's method at different intervals. The results are shown in Table IV. 


Taste IV 

Time. Enol. Time. Enol. 

Fresh 100.0% 30 days 57.0% 

5 days 91.3 38 49.3 

9 86.2 40 48.5 
15 77.1 46 458 
20 68.3 50 458 
25 62.0 52 458 


Preparation of Potassium Salt of Ethyl Acetoacetate—A cold saturated aqueous 
solution of potassium hydroxide (2.8 g.) was added with stirring to well cooled ethyl aceto- 
acetate (6.7 g., slight in excess). Solid potassium salt separating was filtered at the pump, 
washed well with dry ether and dried. It was crystallised from absolute aochel, m.p. 92°. 
(Found : K, 22:5. Calc. for CgeH gO3K : K, 23.3 per cent). 


Enol content of the freshly generated Ethyl Acetoacetate from its Potassium 
Salt and the Velocity of its Transformation into Equilibrium Mizxture—To 
a weighed amount of potassium salt of ethyl acetoacetate, dissolved in minimum 
quantity of absolute alcohol, cooled to -15°, was added 1 mole of alcoholic standard hydro- 
chloric acid solution, previously cooled to -15°. The precipitated potassium chloride was 
removed« by filtration atthe pump. The filtrate and the washings were made up to a 
definite volume with well cooled (-15°) alcohol. The ‘solution was maintained at -15°. 
The enol content of this solution was measured at different intervals by Meyers’ 
method. To obtain the enol content corresponding to 0 time, a separate experiment was 
performed by taking a known weight of potassium salt and proceeding as shown above. 
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In this case the precipitate of potassium chloride was not removed and the whole mixture 
was used for enol estimation of the freshly generated ester. The values obtained at 
different intervals are recorded in Table V. 


TaBLE V 
Time. Enol. Time. Enol. 
0 min. 28.67% 60 min. 10.3% 
10-- 26.96 75 9.19 
15 24.75 80 8.60 
3 19.10 90 7.95 
30 17.50 100 7.90 
40 12.50 110 7.90 


45 11.04 


Preparation of Potassium Salt of Hydroxymethylene Menthone.—A cold saturated 
aqueons solution of potassium hydroxide (1.4 g.) was added slowly with constant stirring 
to well cooled hydroxymethylene menthone (4.8 g., slight in excess). Solid -potassium salt 
separating was filtered at the pump, washed well with dry ether and dried. It was crys- 
tallised from absolute alcohol. It showed a sharp melting point (83°). (Found: K, 16.8. 
Cale. for C,;;H, 702K: K, 17.7 per cent). 

Measurement of the Change in the Enol content and Change in Rotation at intervals 
of time in freshly generated Hydroxymethylene Menthone from its Potassium Salt.— 
The same procedure was followed as described in the case of ethyl acetoacetate. 
In this case along with measuring enol, rotation was also noted at intervals of time. The 
results obtained are recorded in Table VL 


Taste VI 

Time. Rotation. Enol. Time. Rotation. Enol. 
Fresh aaa 96.6% 6 hrs. 0° 80.0 
25 min. -5°.3 li 7 +0°.05 
35 -4°.6 i 8 +1°.0 ~ 
45 -4°.0 ia “ +1°.2 78,0% 
60 es 93.0 12 inn 745 ., 
105 -3°8 -_ 23 +2°.2 
180 ‘ais 86.0 24 +2°.4 si 
195 -2°.0 a 27 = 713 
225 -1°5 a 30 3, 70.7 
255 -¥3 és 33 “se 70.5 
285 -08 — 373 +3°.6 70,0 
320 -0°.5 eee 3 +3°6 70.0 

56 +73°6 70.0 
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OXALATO COMPLEX OF TRIVALENT ANTIMONY 
By A. C. Nanpa anp S. Pani 


Oxalato complex of trivalent antimony has been studied by the solubility method. The ratio of anti- 
mony atom to oxalate ligand is found to be 1:2. The equilibrium constants at 25°,27° and 30°, and the 
corresponding AF., AH and AS, values have been calculated. The high positive value of entropy.indicates 
ring formation on chelation. 


In recent years quantitative study of a large number of complexes has been done, the 
common metals being the transitional ones. In the transitional metals some innner d 
orbitals together with the s and p orbitals of next higher quantum level are available for 
bond formation. Hybridisation of some of d orbitals with s and p orbitals of the next higher 
quantum level resnIts in the formation of very strong bonds (ef. Pauling, “Nature of the Chemi- 
cal- Bond”, p. 94).-In trivalent antimony all the 4d orbitals and the 5s orbitals are completely 
filled up. If the co-ordination number of antimony would be more than three, the three 
5p and some 5d orbitals would be utilised for bond formation giving rise to p*d 
or sp“d hybridisation with an inert pair of unshared electrons. The bonds would be 
comparatively weak. 


Antimony componnds are generally hydrolysed and the ultimate product of hydro- 
lysis is antimony oxide, in which it is interesting to note that the co-ordination number is 
three. Comparatively stable complex of antimony with co-ordination number more than 
three may be possible with snitable chelates. The determination of co-ordination number 
and equilibrium constant of chelate complexes of trivalent antimony is expected to be 
interesting. 

Trivalent antimony forms complexes with aliphatic hydroxy-acids and aromatic poly- 
hydroxy compounds. In the work undertaken here, the oxalate complex of trivalent 
antimony has been investigated by the solubility method (Edmonds and Brinbaum, J. Amer. 
Chem. Soc., 1940, 62, 2367). Oxalate complexes of trivalent antimony containing one, two 
and three oxalate ligands per antimony atom have been reported (Volmann and Galttelmann, 
‘ Compt. rend., 1943, 216, 826). No quantitative work appears to have been done. 


ExPERIMENTAL 


The chemicals used were of G. R. quality. Antimony oxide was prepared by hydro- 
lysing Analar quality of antimony chloride and washing it free of chloride with hot water. 
A sample was dried at 120° and the analysis of the sample indicated 99.9% purity. 


Standard potassium oxalate and oxalic acid solutions were prepared. The two solu- 

tions were mixed in a fixed proportion and diluted to different extent. The mixtures were 
"then shaken with excess of antimony oxide in an electric shaker for over a week. 
When equilibrium was established, the mixtures were placed in an air thermostat for 2 to 
3 days. The antimony content was estimated by titrating a known volume of the solu- 
tion against standard potassium bromate. The total oxalate together with total antimony 
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in the solution was obtained by titrating against standard permanganate. The results are 
recorded in Table I. The pa of the solutions was measured by Marcony pu meter and 
the results are shown in Table I. 


TABLE I 
K,C.0, Total Concentration Conc. of Mean value of 
Temp. “co. Pa. complex oxalate ion 
H,C.0, ({Sb] x 108)({Ox] ei08). ([Sb]} x 10+) ((CgO,*-}10*) Kx 10°%, K x 10'3.K* x 10-* 

25° 1:1 3.02 0.1080 1.974 0.1022 0.0862 2.05 
3.04 0.1428 2.365 0.1366 0.1021 1.95 
3.03 0.1916 2.649 0.1858 0.1158 2.07 
3.01 0.3046 3.368 0..988 0.1349 2.45 
3.02 0.4454 4.2/8 0.4396 0.1631 2.47 
3.12 0.964 6.436 0.9006 0.2258 2.63 

3.01 1.426 8.539 1.420 0.2800 2.70 2.49 6.23 
3.01 2.012 1.79 2.06 0.3297 2.75 
3.04 2.56 13.10 2.650 0.3791 2.75 
3.04 3.380 15.74 3.374 0.4381 2.62 
3.04 3.88 17.25 3.862 0 4637 2.63 
3.02 4.688 19.95 4.682 0.5157 2.63 
3.02 5.752 23.11 5.746 0.5658 2.68 
27° 2:1 3.72 0.0452 2.331 0.0394 0.4851 3.41 
3.72 0.2048 4.241 0.1930 0.9139 5.14 
3.74 0.7126 9.238 0 7068 1.685 5.36 

3.76 1.425 13.86 1.419 2.373 5.43 4.97 12.4 
3.70 2.248 18.46 2.242 3.014 5.32 
3.74 3.090 23.13 3.084 3.654 4.98 
30° 4:1 4.15 0.0262 1.916 0.0204 0.7854 13.0 
4.16 0.0820 3.824 00762 1.538 12.6 
4.16 0.3132 7.662 0.3:'74 2.952 138 
4.16 0.6746 11.55 0.6688 4.277 143 
4.18 1.110 15.6) 1.104 5.608 10.9 
4.lo 1.5% 19.52 1.530 6.896 12.6 

8:1 4.48 0.0090 2.320 0.0042 1.387 782 132 33.0 
4.48 0.0412 4.612 0.0354 2.729 17.1 
4.50 0.1144 9.258 0.1086 5.420 13.4 
4.48 0.2570 13.85 0.2512 8.004 14.0 
4.48 0.4488 18.85 0.4430 10.59 14.1 
4.48 0.6546 23.08 0.6488 13.06 13.3 


The concentrations are expressed in g. atoms or g. moles/litre. 


The increase in solubility of antimony oxide in solutions containing potassium oxalate 
and oxalic acid is assumed to be due to the formation of a soluble oxalato complex. 
n Oxalate ligands react with an antimony] ion to produce 


+3-2a 
[ Sb (C,0,)- 
The reaction being 
SbO*+nC,0,2°+H,0 = [Sb(0,04+) |°"*" +208 


[Sb]x(OH-?_ _ x 
[SbO*}x[C0;° }* 





we (2) 





Fa 
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where [ Sb], [OH~|, [SbO,] and [C,0,?"] represent the concentrations of,,,the 
complex, hydroxy] ion, antimony] ion and oxalate ion respectively and activity coefficients 
are assumed to be unity. Gayer and Garrett (J. Amer. Chem. Soc., 1952, 74, 2353) have 
shown that the product of the concentrations of SbO* and OH™ in aqueous solution is 
7.7x10°!*. Substituting the value for [SbO*] in equation (2) we get 


[ sb |x{OH- I : i 
1ax10 x[ C20 |” ‘ (8) 





In each set of experiments the px is almost constant, and hence, equation (3) can be 


written as 


[ Sb ]/[ C204" ]*= K kal _— 
and log [Sb] = logK, + nlog [c.0."] tS sai 


The plot of log [Sb] against log [ C20," | would give a straight line and the slope 


would give the value of m. [Sb] is determined by subtracting the solubility of antimony 
oxide in water (the solubility of antimony oxide in water is 5.8x10°° g. atom of Sb per 
1000 g. of water at 30°; Gayer Garrett, Joc. cit.). The total oxalate [Ox] in 
the solution is equal to the sum of the concentrations of oxalic acid, bioxalate ion, oxalate 
ion and the oxalate present in the complex (x [Sb] ). If k, and kg are first and second 
dissociation constants of oxalic acid, and [H*] is the concentration of hydrogen ion, it can be 


shown that 





[Ox]-nlSb] = (0.0 *-}x {P8141 } 
2 


(ky, 3.8X10°-* ; kp, 5.010-* ; Chandler, J. Amer. Chem. Soc., 1908, 30, 694). 


The pu is constant and [Sb] being small compared to [Ox], [C,0,42~] can be taken 
as approximately proportional to [Ox] 


[C,04?" -°sks x[Ox] 


Substituting this in equation (5) we get 
log [Sb] = log Ky +n log ks +n log [Ox] 


log [Sb] is plotted against log [Ox] and almost straight lines are obtained and the value of 

n from the slope is very nearly 2. The value of m is substituted in equation (6) and 

(C,0,?°] is calculated. The plot of log [Sb] against log [C,0,2°] gives straight lines 

and m is again 2. Substituting the value of m and appropriate concentrations in equation 

(3), K is calculated. The values are shown in Table I. Experiments were carried out at three 

a temperatures. 4F,, SH, and 4S, values have been calculated and shown in 
le IT. 
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TABLE II 
Temp. Kx 10". acta) x aia). value of (ca nis Me « (Ke eS. vale of yekny 
(K cals.). ‘estee). cals.). (K cals.). 
25° 2.49 am SP ln " 623 ~9.268 (27) 
a 497) 1689 (2730) 5954 0 uaz za - 9,740 77230) egg 233 
3° 6 «13.2 ues So . 0 -me Pm. os 


The equilibrium constant of lactate complex of trivalent antimony is 5.24107 at 35° 
(cf. Mohanty and Pani, this zxsve, p. 592) whereas the equilibrium constant of oxalato complex 
is 1.310°'? at 30°. The Jarge difference in equilibrium constant in the two cases can be 
explained by assuming that in the former, the antimony] ion reacts as a base and the oxygen 
atom is replaced as water and in the latter, oxygen atom is replaced by oxalate ion, and two OH” 


CHs CHe 
H- c- O O- o- H 
SbO*+2CH;.CH(OH). COO” = | i RG | +H,O 
} 
0 ey 


ions are formed. The equilibrium constants in both the reactions would be comparable if it is 
assumed that bioxalate ions react. The reaction with bioxalate ion is more probable because 
the solubility of antimony oxide in oxalate solutions is maximum when the concentration of 
bioxalate ion is maximum. It is interesting to note that antimony oxide has no 
action to pink colour of phenolphthalein in solution containing a very small amount 
of alkali (1 to 2 drops of 0.1N in 100 c.c. of water). The pink colour of phenolphthalein in 
sodium oxalate solution (containing the same amount of alkali as above) is immediately dis- 
charged. In sodium lactate solution under similar condition, it is discharged but slowly. 
The solubility of antimony oxide in sodium oxalate solution is very small, since the concen- 
tration of bioxalate ion is very small. The reaction is instantaneous because the 
carboxylic group is involved in removing the oxygen atom of antimony] ion and the 
reaction is of the type of neutralisation. The solubility of antimony oxide in sodium 
lactate, though not maximum, is high. The reaction is slow because alcoholic group is 
involved and the reaction is similar to esterification. 


4 
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It is reasonable to assume that bioxalate ions take part in the reaction. The reac- 
tion van be written as 





SbO*+2HC,0," -_ Sb (C2O,4)o~ +H,O eee eee (1a) 
[Sb] -_ Ee 2a) 
(SbO*]x[HG.0."] K = es (2a 
+00 * Ye, wae Me ®*) 
HC = hw y es di oh as (3a) 
ie es 


where kg and Kw are second dissociation constants of oxalic acid and ionic product of 
water respectively. 


Substituting the value of [SbO*] and [HC.O,°] in equation (3a) we get 


___[Sb]x[OH-]> ~ bo? = K* 
7.7% 10°!8x[C,0,?7]? ~ Ke? 

ko? 
ae OES 


The mean values of K* are also shown in Table I and AF., OH, and 4S, values are 
shown in Table IT. 

The large positive value of 4S, is surprising. Similar high positive values have been 
observed due to chelation (Calvin and Melchior, J. Amer. Chem. Soc. 1948, 70, 3270). 
The oxalate groups are definitely bidentate. The complex is 
Oo——-C=—=0-- 
ee a 

o—C=—0__ 

It has been observed that when the proportion of oxalic acid in the solution is greater 
than potassium oxalate, some of the oxalate is removed from the solution to the solid phase. 
(This is not observed when the proportion of salt is greater), The system appears to be 
complicated and is under investigation. 


MAYURBHAN) CHEMICAL LABORATORY, 
RavVensHaw CoLuece, CvrTracKk-3 Received October 27, 1953. 
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LACTATE COMPLEX OF TRIVALENT ANTIMONY 


By B. C. Monanty anp S. Pani 


The solubility of antimony oxide in solutions of sodium lactate and lactic acid has been determined. 
The complex containing two lactate ligands per antimony atom is deduced. The equilibrium constant is 
5.24X10". The lactate ligands are most probably bidentate chelates since the equilibrium constant is of 
the same order as that of oralato complex 


Lactate complex of trivalent antimony has been prepared (cf. Christiansen, 
“Organic De ‘ivatives of Antimony”, 1925, p. 76). As our attempts to prepare pure lacate 
compound of animony by the method adopted for the preparation of tartar emetic failed 
to yield a pure product, it was thought worthwhile to have a thorough investigation regarding 
the equilibrium and composition of iactate complex. Oxalate complex of trivalent 
antimony has been investigated (this sswe, p. 588) by determining the solubility of antimony 
oxide in solutions containing oxalic acid and potassium oxalate. The comovlex has been 
reported to be [Sb (C.0,)2)°. Exactly a similiar complex might be obtained with lactate 
ion provided that the hydroxyl group of lactate ion undergoes interaction with 
antimony. The appreciable solubility of antominy oxide favours the above expectation. 


EXPERIMENTAL 


Antimony oxide was prepared by hydrolysis of ‘Analar’ quality of antimony trichlo- 
ride and washing the precipitate with hot water till free from chloride. Other reagents 
were all ‘Analar’ variety. Sodium lactate was prepared from ‘Analar’ lactic acid and sodium 
hydroxide. Standard solutions of sodium lactate and lactic acid were prepared. The 
two solutions were mixed in definite proportions and diluted to different extent. The 
solutions were taken in glass stoppered bottles, excess of antimony oxide was added and 
the bottles were shaken in an electric shaker for more than’a week. When the equilibrium 
was established, the bottles were placed in an air thermostat for tw® to three days, and anti- 
mony content of the solutions was determined by a standard potassium bromate solution. pu 
was measured by a Marconi pa meter. Seven sets of experiments were carried out using 
solutions containing lactic acid to sodium lactate in proportions <:1,2:1,4:3,1:1, 
3:4,1:2 and1:4. The results are recorded in Table I. 


The solubility of antimony oxide in solution containing lactate ligand is assumed 
to be due to the interaction of m lactate ions with one antimony ion and the formation of a 
soluble complex. The reaction can be represented by equation (1) assuming that the 
hydroxyl group of the lactate ion does not react, and by the equation (2) if the hydroxy] 
group takes part in the reaction, and the equilibrium constants are given by the equation 
(1.1) and (2.1) respectively. [Sb], [SbO*], [La~] and [H*] repreSent the molar concentra. 
tions of the complex, antimony] ion, lactate ion and hydrogen ion respectively. 
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2.74 
2.80 
2.90 
3.06 
3.18 
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4.26 
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0.02371 
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0.0°969 
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0.2197 
0.1597 
0.0790 
0.0464 


0.4050 
0.3366 
0.2134 
0.1041 
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Ionic 
strength 
(#). 


0.1951 
0.1558 
0.1006 
0.03886 
0.02008 
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0.14660 
0.0°791 
0.02892 
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0.04241 
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0.2229 
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0.04374 
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0.4528 
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0.04829 
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0.1244 
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0.5807 
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0.1455 
0,07375 





Kx10- 


3.89 
3.59 
2.45 
3.69 
2.91 


4.29 
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5.24 
4.46 
5.52 


3.30 
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5.11 
7.14 
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6.45 


7.63 
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5.64 
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5.98 
5.87 


4.22 
5.57 
5.19 
5.87 
6.03 


Mean 5.24 
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SbO+n CHs.CH (OH).COO = [SbO {CH,.CH(OH) COO},) * . @ 
__, 8-20 
| O 
ll 
+ - = | + 
SbO+n CH;.CH (OH).COO = Sb/ ) | +H,04 (n-2)H . (2) 
eH n 
% CH; 
= ee a Ae (1.1) 


[SbO] x [La-] 


[Sb]x [A+] * _ (2.1) 
[SbO*|x La’ ]* 
The concentration of antimony] ion in aqueous solution is 7.7 10°* x[H*] (Gayer 
and Garrett, J. Amer. Chem. Soc., 1952, 74, 2353). Hence 


[8b] = K (1.2) 


7.7 x 10°* x [H*]x([La*}” 


x, 


[Sb] (H]" Log (2.2) 
7.7X10 ‘[La7)" ar a 





The hydrogen ion in each set of experiment is very nearly constant. Hence, 
assuming the hydrogen ion to be constant, both the above equations (1.2) and (2.2) can be 
represented by 

Sb 
[La’] 


or, log [Sb] = log- K+ log [La™] (4) 


By plotting log [Sb] against log [La”] in each set of experiment straight lines would 
be obtained and the slope would give the value of ‘n’. 

The solubility of antimony oxide in solution containing lactate ligand is very 
small compared to the amount dissolved in lactate solution. It is therefore assumed that 
the concentration of the complex is equal to the total antimony in the solution. Deter- 
mination of [La~] is not possible directly since the value of n is not known. 

Total lactate taken=lactic acid+lactate ion+lactate present in the complex. 


[La] = n{Sb]+(La"]x {I+} a 8) 


where [La] is total lactate and k (1.36x10°*, International Critical Tables, 1929, 
Vol. 6) is dissociation constant of lactic acid. 
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For the determination of [La”] every thing except ‘n’ is known in equation (5). 
The value of is assumed to be 1 and 2 and the corresponding values of [La™] are cal- 
culated. The log [La”] of each set of calculated values is plotted against log [Sb] and it is 
found that a straight line is obtained (when ‘»’ is taken as ‘2’) and slope of the curve comes 
out to be very nearly ‘2’. The complex therefore contains two lactate ligands per antimony 
atom. Substituting the value of ‘n’ in equations ( 1.2) and (2.2) it is seen that the 
equilibrium constants for both the reactions are the same. Kis calculated by substituting 
the values in equation (1.2). The values are shown in Table I with corresponding ionic 
strength. The mean value of K is 524107 and 4 F, is 10.88 K cal. 


Lactate probably behaves as a bidentate ligand. Cannan and Kibrick (J. Amer. 
Chem. Soc., 1938,60,2314) have observed higher values of Association Constants for 
«-hydroxy- acids than the corresponding carboxylic acids. Similar observations have 
been reported by Davies (J. Chem. Soc., 1938,277). 


Boric acid, a weak acid, reacts with aliphatic polyhydroxy compounds like glycol, 
glycerol, ete. Antimonous oxide behaves as a very weak acid, hence it might, like boric 
acid, react with alcoholic group. It is observed that when antimony oxide is added to a 
solution of sodium lactate to which phenolphthalein has been added, the pink colour is 
slowly discharged and the px gradually falls to5. The slow reaction is similar to 
estrification. The fall of pa can be explained if the other reactions are taken into 
account. When a complex ion is formed from SbO* and lactate ions, there is no change 
in the concentration of hydrogen ion, but one antimony! ion and two lactate ions are 
removed from the solution which changes the pu because the following equilibria are 
disturbed : 


} SbpO03+$H,O = SbO*+OH™ 
and CH;.CH (OH). COOH = CH;CH(OH). COO’ +H* 


The net result is decrease in pu. The equilibrium constants of oxalate complex 
and lactate complex are 3.3107 at 30° and 5.24107 at 35° respectively. The lactate 
ligand like the oxalate ligand is a bidentate ligand. The reaction can be represented 
by 


= as Ty Ole WE So 
H-C-OQ. /0-C-H| 
SbO* +2CHs. CH (OH) COO" +H,0+ a a 
c-0o% ‘o-c 
Il UI 
Oo Oo 


The co-ordination number of antimony being 4 in this complex, the structure 
would be similar to that of oxalate complex. 
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FRIES TRANSFORMATION AND FRIEDEL-CRAFTS REACTION. PART IL. 
FRIES AND FRIEDEL-CRAFTS REACTIONS WITH SOME 
HYDROXYQUINOLINE DERIVATIVES 


By V. M. TuHaxor anv R. C. SHan 


The Fries transformation has been successfully effected with 8-acetoxy- and 8-benzoyloxyquinolines 
when the corresponding 5-acetyl and 5-benzoyl derivatives were formed. 4-Hydroxy-2-methylquinoline 
on Friedel-Crafts acetylation gave the 3-acetylquinoline. All attempts to effect Friedel-Crafts acylation 
on 2-hydroxy-4-methylquinoline met with failures. 


Very little work has becn done on the application of Fries and Friedel-Crafts 
reactions in the quinoline series. All attempts to introduce an acyl group in quinoline 
itself by Friedel-Crafts method have so far been fruitless (Wolffenstein and Hartwitch, 
Ber., 1915, 48, 2043 ; Jephcott, J. Amer. Chem. Soc., 1928, 50, 1189; Borsche and Groth, 
Annalen, 1941, 549, 238’. Similar failures are also reported with alkylquinolines like 6- 
or 8-methyl- or 6 : 8-dimethylquinoline, excepting 5 : 7-dimethylquinoline which furnishes 
6-acetyl derivative (Borsche and Groth, loc. cit.). 


As would he expected, the presence of a hydroxy ora methoxy group activates the 
molecule and thus 8 hydroxy- or 8-methoxyquinoline undergoes the reaction yielding 5-acy] 
derivatives (Frankel and Grauer, Ber, 1913, 46, 2551 ; Matsumura, J. Amer. Chem. Soc., 
1930, 52, 4433 ; 19 '5, 57, 124; Rosenmund and Karst, Arch. Pharm., 1941, 279, 154 . 
Burger, Bass and Fredericksen, J. Org. Chem., 1944, 9, 373; Borsche and Groth, /oe. cit.), 
In the Fries transformation only two attempts with negative results have been recorded 
in literature. Matsumura (loc. cit.) observed that 8-benzoyloxyquinoline hydrochloride 
failed to rearrange in presence of aluminium chloride ; while Borsche and Groth (loc. cit.) 
failed to effect transformation with 8-acetoxyquinoline. 


Thus, Friedel-Crafts reactions have been successfully effected in case of 8-hydroxy- 
quinoline only with the hydroxy group in the benzene ring. No work has been carried 
out with"quinolines having a hydroxy! in the pyridine ring. Hence, in the present case the 
Fries and Friedel-Crafts reactions in hydroxyquinolines having the hydroxyl group either 
in the benzene or pyridine ring have been studied. 


8-Acetoxyquinoline in presence of anhydrous aluminium chloride smoothly underwent 
Fries isomerisation to yield 8-hydroxy-5-acetylquinoline (I, R=Me), also obtained by the 
Friedel-Crafts acetylation of 8-hydroxyquinoline with acetyl chloride or acetic anhydride. 

8-Benzoyloxyquinoline with nitrobenzene or without a solvent furnished 8-hydroxy- 
5-benzoylquinoline (I, R=Ph). Friedel-Crafts benzoylation of 8-hydroxyquinoline in 
nitrobenzene or without a solvent also gave the same product. 

4-Hydroxy-2-methylquinoline on the Friedel-Crafts acetylation with acetic anhydride 
or acetyl] chloride gave 4-hydroxy-2-methyl-3-acetylquinoline. The constitution has been 
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assigned from analogy, as on the Friedel-Crafts benzoylation 4-hydroxy-2-methy]-3- benzoyl- 
quinoline is obtained, which is also obtained by the Conrad- Limpach synthesis from 


aniline and ethyl benzdylacetoacetate (Curr. Sci. 1949, 18, 440; this Journal, 1951, 
28, 688). 


2-Hydroxy-4-methylquinoline, however, failed to undergo the Friedel-Crafts acyla- 
tion, the original product being quantitatively recovered. Attempts to couple it with 
benzene diazonium chloride met with similar failures. This is in accord with the previous 
observations on the feeble reactivity of this compound (Marckwald, Annalen, 1893, 274, 
375 ; Hoi, Wei and Royer, Bull. soc. chim., 1945, 12, 866). 


All these results are in general conformity with the substitution reactions of the 
hydroxyquinolines and further support the contention, that in the quinoline ring system, 
the most contributing structure may be represented by (III) (Shah, Presidential Address, 
Section of Chemistry, Indian Science Congress, 1951). 


RCO OH 
J™ ( “N ANCOR “ 
| eS 
VY4V4 \A4\/7 Me W\G 
HO N N 
(I) (II) (ITT) 


ExPERIMENTAL 


Fries Transformation of 8-Acetoryquinoline: 8-Hydroxy-5-acetylquinoline.— 
8-Acetoxyquinoline (1.9 g.) and powdered anhydrous AICls (1.5 g.) were mixed and 
heated in an oil-bath at 120°-125° for an hour. The mixture was cooled, ice and HCl 
(cone., 1c.c.) added and the solid that separated was collected, washed and crystallised from 
alcohol (95% in fine yellowish needles, m.p. 112-13, yield 1.0 g. Matsumura (loc. cit.) eee 
m.p. 112-15°; Rosenmund and Karst (Joc. cit.) give mp. 113-14". 

The same product was obtained on the Friedel-Crafts reaction on 8-hydroxyquinoline 
(1.45 g,) with AICI; (1.5 g) and acetyl chloride (1 c.c.) or AICI, (30g. and acetic 
anhydride (1.2 c.c.), m.p. 112-13", yield-1.0 g. 

The hydrochloride separated in yellow plates, m. p. 284-85°. Matsumura (Joe. cit.) gives 
the same m.p. 

The oxime was crystallised from rectified spirit in colorless needles, m.p. 193°. 
Matsumura (loc. cit.) gives the same m.p. Rosenmund ef al (loc. cit.) give m. p. 190°. 


The 2 : 4-dinitrophenylhydraxone crystallised from alcohol (95%) in shining orange-red 
micro-crystals, m.p. 261-62". (Found : N, 19.4. C,;H,30;Ns requires N, 19.1 per cent). 


All attempts at acetylating or methylating the product met with failures. 


Fries Transformation of 8-Benxoyloryquinoline : 8-Hydroxry-5-benxoylquinoline.— 
8-Benzoyloxyquinoline (2.5 g.) and powdered anhydrous AlCl, (1.5 g.) were thoroughly 
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mixed and heated in an oil-bath at 120°-130° for an“hour, cooled, ice and HCl added, and 
worked up as before. 8-Hydroxy-5-benzoylquinoline separating was crystallised from 
rectified spirit in faint yellowish needles, m. p. 120°, yield 13g. Mixed melting point 
with 8-benzoyloxyquinoline (m."p. 120°) was 90-95°. Matsumura (loc. cit.) gives m.p. 
119-20°. Rosenmund and Karst (loc. cit.) give m. p. 117-18". 


The same product was obtained when the above transformation was carried out 
in dry nitrobenzene (15 c.c.). Friedel-Crafts reaction of 8-hydroxyquinoline (1.45 g.) with 
benzoyl chloride (1.5 .c.) and anhydrous AlCl; (1.5 g.), with or without nitrobenzene 
(15 c.c.) as a solvent, also furnished the same product. 

The hydrochloride separated in lemon-yellow needles, m. p. 249-51°. Matsumura 
(loc, cit.) gives m. p. 252-60°. Rosenmund and Karst (loc. cit.) give m. p. 255-56". 

The oxime was crystallised from dilute alcohol (40%) in colorless tables, m. p. 148°. 
Matsumura (loc. cst.) and Rosenmund and Karst (loc. cit.) give m.p. 147-48". 

The 2 : 4-dinitrophenylhydraxone was crystallised from alcohol (95%) in fine brick-red 
crystals, m. p. 249-50". (Found : N, 16.3. C22H1505N 5 requires N, 16.3 per cent). 

Friedel-Crafts Reaction of 4-Hydroxy-2-methylquinoline with Acetyl Chloride : 
4-Hydroxy-2-methyl-3-acetylquinoline.—4-Hydroxy-2-methylquinoline (1.6 g.), powdered 
anhydrous AICI; (3.0 g.) and acetyl chloride (1.0 c.c.) were heated in an oil -bath 
at 125°-135° for 1} hours, cooled and worked up as usual. The product was washed 
with sodium bicarbonate solution and water and crystallised from alcohol (95%) as clusters 
of leaflets, m. p. 256°-57°. (Found : N, 7.9. C}2H,;O2N requires N, 7.8 per cent). 

The same product was obtained with anhydrous AlCl; (4.5 g.) and acetic anhydride 
(1.2 c.c.). However, no product could be obtained when nitrobenzene or tetrachloroethane 
was used as a solvent. 

It is fairly soluble in alcohol, acetone and acetic acid and almost insoluble in ether, 
petroleum, chloroform and carbon tetrachloride. It dissolves in dilute alkali giving a 
yellow solution and gives orange-red coloration with alcoholic ferric chloride. 


The 2 : 4-dinitrophenylhydraxone was crystallised from alcohol (95%) in orange-red 
micro-crystals, m. p. 276-78". (Found : N, 18.3. C;sH;50,N requires N, 18.4 per cent). 
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FRIES ISOMERISATION OF 7-ACYLOX Y-6-BROMO- (& 6-CHLORO)- 
4-METHYLCOUMARINS AND SYNTHESIS OF 4-BROMO- 
(& 4-CHLORO)- 2-ACYLRESORCINOLS 


By J. I. Seratvap anv N. M. Ssan 


The Fries isomerisation of the acetyl and benzoyl esters of 7-hydroxy-6-bromo- (& 6-chloro)- 
-4-methylcoumarins has been investigated, 8-acyl-7-hydroxy-6-bromo- (and 6-chloro)-4-methylcoumarins 
being obtained as migration products, which on hydrolysis yield 2-acyl-4-bromo- (and 4-chloro)- 
serena pert identical with the decarboxylated products of 2 : 4-dihydroxy-3-acyl-5-bromo-(and 5-chloro)- 

nzoic acids. 


During the course of our work on the Fries migration of the acetyl esters of methyl 
2 : 4-dihydroxy-5-substituted-benzoates and the corresponding acids, hitherto unknown 
2-acyl-4-substituted resorcinols were obtained by the decarboxylation of the keto-acids 
(Setalvad and Shah, this Journal, 1953, 30,373). To prove their constitutions unambiguously, 
it was considered necessary to synthesise them so that a direct comparison could be made 
with the decarboxylated products. Hence, the present investigation was undertaken. 

Limaye e¢ al. (Ber., 1932, 65, 375; 1934, 67, 12 ; Rasayanam, 1936, 1, 20 ; 1937, 2, 
93 ; 1938, 3, 141 ; 1939, 4, 187) obtained 8-acyleoumarin derivatives by the migration 
of different esters of 7-hydroxy-4-methyleoumarins from which otherwise difficultly 
accessible 2-acylresorcinols were prepared by the elimination of the pyrone ring. Russell, 
Frye and Mauldin (J. Amer. Chem. Soc., 1940, 62, 1441) also adopted the above method 
for synthesising various 2-acylresorcinols. Thakor and Shah (this Journal, 1946, 23, 423) 
similarly prepared 4-ethyl-2-benzoylresorcinol. This general route to vicinal or Y-acyl- 
resorcinols has been found to be satisfactory in the present work for synthesising 
2-acy]-4-substituted-resorcinols. 

4-Bromo-(or 4-chloro)-resorcinol (I, X=Br or Cl) on Pechmann condensation with 
ethyl acetoacetate yielded 7-hydroxy-6-bromo-(or 6-chloro)-4-methylcoumarin (II, X= Br 
or Cl), the acetyl and benzoyl esters (III, R=Me and Ph; X=Br or Cl) of which on 
being subjected to the Fries migration afforded the corresponding 8-acylcoumarin derivatives 
(IV, R=Me and Ph; X=Br or Cl), which on fission with alkali gave 2-acyl-4-bromo- 
(or 4-chloro)-resorcinols (V, R=Me and Ph; X=Br or C)), identical with those obtained 
by the decarboxylation of 3-acyl-5-bromo-(or 5-chloro)-benzoic acids (VI, R=Me and 
Ph ; X=Br or Cl). 


O O ROC O 
HO’ OH HO”S”Sco = RCoo”\”Nco —- HO” Nco 
| | | | | 
o/s a fay i. ~~ 
C-Me C-Me C-Me 
(I) (II) (111) (IV) 
OH/OH _, HO” ‘OH ae 
X\_/COsH Xvy 
(IV) (V) 
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Attempts to prepare 2-acetyl-4-nitroresorcinol (V, R= Me ; X= NOg) by this route 
were unsuccessful as 7-acetoxy-6-nitro-4-methyleoumarin (III, R= Me; X= NOg) 
did not undergo Fries migration. 


Thus -Br or -Cl as substituent in 6- position of 7-hydroxycoumarin ring-system has 
no deactivating effect on the migration of the acyl group to 8-position ; while a strongly 
negative -NOg group in the same position inhibits the reaction. Further, the rate of mig- 
ration was much influenced by the nature of the migrating acyl group, e. g. benzoyl group 
required a higher temperature and longer time than the acetyl one. The yield of the 8- 
benzoyleoumarins was less than the corresponding acety] derivatives. It is noteworthy 
that some deacetylated coumarin (more in case of the migration of benzoyl! ester) was always 
accompanied with the migrated products and could be separated. 


The keto-coumarins and resorcinols (IV and V) dissolve in alkali with a bright non- 
fluorescent yellow colour ; the keto-coumarins give a reddish brown colour and 4-bromo (or 
chloro) -2-acylresorcinols give a dark green colour with alcoholic ferric chloride. 


EXPERIMENTAL 
Fries Migration of 7-Acetoxy- and 7-Benxoyloxy-6-bromo-4-methylcoumarins 


4-Bromoresorcinol (I, X=Br) (Sandin and McKee, Org. Syn.*Coll. Vol. IT, 1946, p. 
100) on condensation with ethyl acetoacetate in presence of H2SO,4 (80%) gave 7-hydroxy- 
6-bromo-4-methylcoumarin (II, X=Br); it was crystallised from acetic acid in colorless 
lustrous needles, m.p. 283° (decomp.). Chakravarti and Mukerjee (this Journal, 1937, 14, 
728) give m.p. 278°. 

7- Acetoxy-6-bromo-4-methylcoumarin (III, R=Me ; X=Br), prepared by the acetic 
anhydride-pyridine method, crystallised from acetic acid in colorless lustrous needles, m.p. 
179° ; yield nearly quantitative. Chakravarti and Mukerjee (loc. cit.) give m.p. 170°. 


7-Benxoyloxy -6-bromo-4-methylecoumarin (III, R=Ph ; X=Br) was prepared by 
heating the coumarin (II ; X=Br) (5 g.) with benzoyl chloride (6 c.c., 1.1 M) and pyridine 
(1 c.c.) for 4 hours and then working up as usual; the product crystallised from glacial 
acetic acid in lustrous silvery plates, m.p. 213°, yield 4 g. (Found: Br, 22.44. C, ;-H,;,;04Br 
requires Br, 22.28 per cent). It is insoluble in alkali and gives no colour with alcoholic 
ferric chloride. 


Fries migration of (III, R = Me; X=Br): Formation of 7-Hydroxy-8-acetyl-6- 
bromo-4-methylcoumarin ([V, R = Me ; X=Br).—An intimate mixture of the acetoxy- 
coumarin (3 g., 1 M) and anhydrous AICI, (4.4 g. 3.3 M) was heated at 175°-180° (CaCl, 
guard-tube) for 1 hour. HCl fumes began to evolve at 145° and became vigorous at 160°. 
The mixture was then decomposed as usual with ice and HCl (5 .c.). The brownish solid 
was collected and crystallised from alcohol in pale yellowish fibrous needles, m.p. 201°, 
yield 2.0 g. (Found: Br, 26.78. C}gH,O,Br requires Br, 26.93 per cent). A small quantity 
of the alcohol-insoluble residue was obtained and identified to be the deacetylated coumarin 
by mp. and mixed mp, 
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The acetyl derivative was prepared by the sulphuric acid drop method of acetylation, and 
crystallised from alcohol in colorless needles, m.p. 197-98". (Found : Br, 23.44. C,,H1,05 Br 
requires Br, 23.60 per cent). 

The benzoyl derivative was prepared by the benzoyl chloride-pyridine method and 
crystallised from alcohol in colorless lustrous prismatic crystals, m.p. 178°. (Found : Br, 
19.63. C}9H,30,;Br requires Br, 19.95 per cent). 


The 2: 4-dinitrophenylhydraxone crystallised from alcohol in orange needles, m.p. 
286-88" (decomp.). 

The oxime, prepared by the usual method, crystallised from alcohol in colorless fibrous 
needles, m.p. 245° (decomp.). 


Hydrolysis of (IV, R=Me ; X=Br): Formation of 4-Bromo-2-acetylresorcinol 
(V, R=Me; X=Br).—The keto-coumarin (1 ¢.) was refluxed with 10% NaOH 
solution (20 cc.) for 2 hours on a sand-bath. The cold reaction mixture was then poured 
into ice-cold HCl (1 : 1, 20 e.c.). A yellowish product separated which was collected and 
crystallised from very dilute alcohol in clusters of bright yellow short needles, m.p. 143°, 
yield 0.5g. Mixed m.p. with the decarboxylated product of 2: 4-dihydroxy-3-acetyl-5- 
bromobenzoic acid (VI, R=Me; X=Br) (Setalvad and Shah, loc. cit.) was undepressed, 
and was identical with it in all respects. It underwent smoothly Pechmann condensation 
with ethyl acetoacetate affording the keto-coumarin (IV, R=Me; X=Br), identical 
with the migaration product of (III, R=Me ; X=Br). 


The dibenxoyl derivative of (V, R=Me; X=Br), prepared by the Schotten-Baumann 
method, crystallised from dilute acetic acid in lustrous needles, m.p. 148°. It is insoluble 
in allzali and does not give colour with alcoholic ferric chloride. (Found: Br, 17.98. 
C22H,,0,Br requires Br, 18.22 per cent). 

The 2: 4-dinitrophenylhydraxone was crystallised from alcohol in orange crystals, m.p. 
223° (decomp). 

The semicarbaxone was crystallised from dilute alcohol in colorless needles, m.p. 
275° (decomp.). 

Migration of (III, R= Ph; X=Br): Formation of 1-Hydroxy-8-benoxoyl -6- 
bromo-4-methylcoumarin.—The benzoyloxycoumarin (3.5 g., 1 M) and AICI; (4.5 g.3.3 M) 
were mixed and heated in an oil-bath, temperature of which was raised to 110° beforehand. 
The temperature was then raised to 210° slowly within a period of half an hour, HCl 
fumes began to evolve slowly at 135° and copiously at 165°. The temperature was main- 
tained between 200°and 210° for one hour more. The reaction mixture was then decom- 
posed as before. The product obtained was crystallised from a mixture of alcohol and 
acetic acid in yellow plates, m.p. 235°, which rose to 240° on repeated crystallisations, yield 
1.3 g. (Found : Br, 21.87. C;7H,,04Br requires Br, 22.28 per cent). 


The acetyl derivative, prepared by the sulphuric acid drop method, crystallised from 
alcohol in colorless needles, m.p. 149°. (Found; Br, 20.19, Ci;9H;3;05Br requires Br, 


19.95 per cent.). 
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The benzoyl derivative, prepared by the benzoyl! chloride-pyridine method, crystaliised 
from alcohol in colorless leaflets, m.p. 182°. (Found: Br, 17.50. Co4Hi;O;Br requires Br, 
17.28 per cent). 

Hydrolysis of (IV, R=Ph ;X=Br): Formation of 4-Bromo-2-benxoylresorcinol 
(V, R= Ph ; X=Br).—The keto-coumarin (lg.) was refluxed with 10% NaOH solution 
(20 c.c.) on a sand-bath for 24 hours, and after cooling, acidified with ice-cold HCI (1: 1). 
A pasty mass separated which solidified on keeping in contact with cold water overnight. 
It was collected and crystallised from hot water in lemon-yellow needles, m.p. 122", yield 
0.4 g. Mixed m.p. with the decarboxylated product of (VI, R=Ph; X=Br) (under publi- 
cation) was undepressed. (Found: Br, 27.12. C,;3H jO3Br requires Br, 27.30 per cent). 
It is very soluble in alcohol, but less soluble in hot water, benzene and petrol. It smoothly 
undergoes the Pechmann condensation with ethyl acetoacetate to give (IV, R=Ph ; X=Br). 


Fries Isomerisation of 7-Acetoxy-and 7- Benxoyloxy-6-chloro-4-methyleoumarins 


For sake of brevity and to avoid unnecessary repetitions, experimental details have 
been omitted in this section, as they are generally identical with those of the corresponding 
bromo compounds, already described in the previous section. 


7- Hydroxy -6-chloro-4-methyleoumarin (II, X=Cl) was prepared by the Pechmann 
condensation of 4-chlororesorcinol (I, X=Cl) with ethyl acetoacetate according to 
Chakravarti and Ghosh (this Journal, 1935, 12, 624), m.p. 280° (decomp.). 

7 - Acetoxy-6-chloro-4-methylcoumarin (III, R=Me; X=Cl) was prepared by the 
acetic anhydride-pyridine method and crystallised from rectified spirit in colorless, lustrous, 
slim needles, m.p. 167°. Chakravarti and Ghosh (Joc. cit.) give m.p. 168°. 


7 -Benxzoyloxy-6-chloro-4-methyleoumarin (III, R=Ph; X=Cl) was prepared by 
the benzoy] chloride-pyridine method and crystallised from glacial acetic acid in colorless, 
lustrous, short needles, m.p. 222°. It is sparingly soluble in alcohol and insoluble 
in alkali. It does not give ferric chloride colour test. (Found : Cl, 11.36 Cy7H,,0,Cl 
requires Cl, 11.29 per cent). 

Migration of (III, R=Me; X=Cl): Formation of 7-Hydrory-8-acetyl-6-chloro- 
4-methylcoumarin.—It was carried out as before at 180° by heating for one hour. The 
solid obtained was twice crystallised from glacial acetic acid in needles, m.p. 202°, yield 
1.6 g. from 2.5 g. of the acetoxycoumarin. (Found: Cl, 14.37. C,;gH 9O,Cl requires Cl, 
14.06 per cent.) 

The acetyl derivative of (IV, R=Me; X=Cl) was prepared as before, and crystalli- 
sed from alcohol in lustrous, leafy, colorless plates, m.p. 194°. (Found: Cl, 12.52. 
C,4H;,05Cl requires Cl, 12.06 per cent). 

The benzoyl derivative was prepared as usual and crystallised from alcohol in lustrous 
long needles, m.p. 125°. (Found: Cl, 9.69. ©; 9H;30;Cl requires Cl, 9.96 per cent). 

The oxime was crystallised from alcohol in colorless fibrous needles, m.p. 225° 
(decomp.). 

Hydrolysis of (IV, R=Me ; X=Cl) : Formation of 4-Chloro-2 acetylresorcinol (V, R 
=Me; X=Cl).—It was carried out as before using 10% alkali, m.p. 134-35°, identical 
with the decarboxylated product of (VI, R=Me; X=Cl) (Setalvad- and Shah, Joe, eit.). 
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. The diacetyl derivative of (V, R=Me ; X=Cl) was crystallised from alcohol, m.p. 
93°.(Found : Cl, 13.46. C;.H,,0;C1 requires Cl, 1313 per cent). 


The dibenxoyl derivative was prepared as before and crystallised from acetic acid in 
lustrous plates, m.p. 140°. (Found : Cl, 9.24. Co2H13;05Cl requires Cl, 9.0 per cent). 


2- Acetyl-4-chlororesorcinol (V, R= Me ; X=Cl) easily underwent the Pechmann 
reaction with ethy] acetoacetate to give the keto-coumarin (IV, R=Me ; X=C)). 


The migration of (III, R=Ph ; X=Cl) was carried out by heating the benzoyl ester 
(III, R=Ph ; X=Cl ; 3.5 g., 1 M) with AICls (4.5 g., 3.3 M) at 205°-210° for 14 hours as 
described earlier. The product crystallised from acetic acid in pale yellow lustrous plates, 
m.p. 255", yield 1.4 g. (Found : Cl, 11.11. C,;7H,:0,C1 requires Cl, 11.29 per cent). 

The acetyl derivative of (IV, R= Ph; X=Cl) was crystallised from alcohol in 


colorless lustrous plates, m.p. 180°. (Found: Cl, 9.73. Cy9H,305Cl requires Cl, 9.96 per 
cent). 


The benxoyl derivative crystallised from alcohol in fibrous needles, m.p. 177°. (Found: 
Cl, 8.17. Co4H1505Cl requires Cl, 8.48 per cent). 

The oxime crystallised from alcohol, m.p. 245° (decomp.). 

Hydrolysis of (IV, R=Ph; X=Cl): *Formation of 4-Chloro-2-benxoylresorcinol 
(V, R=Ph; X=Cl).—It was carried out with alkali (10%) as before. The product 
isolated as before was crystallised from hot water in lemon-yellow needles, m.p. 119-20°, 
yield 40%. (Found : Cl, 14.48. C;s;H9O3Cl requires Cl, 14.29 per cent). Mixed m.p. with 
the decarboxylated product of (VI, R=Ph ; X=Cl) (under publication) was undepressed. 
It underwent Pechmann reaction with ethyl acetoacetate to give (IV, R=Ph ; X=Cl). 

The diacetyl derivative of (V, R= Ph; X=Cl) was crystallised from alcohol in lustrous 
granular crystals, m.p. 100°. (Found : Cl, 10.34.-C;z7H;s305Cl requires Cl, 10.68 per cent). 

The benxoyl derivative was crystallised from alcohol in colorless plates, m.p. 125°. 
(Found : Cl, 7.44. Co7H;;O5Cl requires Cl, 7.78 per cent). 

Both the acetyl and benzoyl derivatives are insoluble in alkali and do not give any 
colour with alcoholic ferric chloride. 

Attempted Fries Migration of 7-Acetoxy-6-nitro-4-methylcoumarin 

7-Acetoxy -6-nitro-4-methylcoumarin (III, R=Me ; X=NOg) was prepared by the 
acetic anhydride-pyridine method, and crystallised from acetic acid in lustrous needles, m.p. 
173°. (Found : C, 54.68; H, 3.31. CoH 9O,¢N requires ©, 54.75; H, 3.42 per cent). 

Migration of (III, R=Me; X=NOg) was attempted at 100°, 150° and 170-80° 
under different conditions but only the deacetylated coumarin (II, X=NO,) or the 
charred uncrystallisable residue was obtained. The migration was also tried using nitro- 
benzene as a solvent, the deacetylated coumarin being obtained. 
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CHLORAMINE-B AS A VOLUMETRIC REAGENT. QUANTITATIVE 


BROMINATION OF PHENOLS AND AROMATIC 
AMINES 


By Apar SINGH 


The Koppeschaar method, as modified by Day et al., has been used for the bromination of phenols and 
aromatic amines with Chloramine-B in presence KBr in acid medium. 


Quantitative bromination method for the determination of phenols was described by 
Koppeschaar (Z. anal. Chem., 1876, 15,2531). Vaubel (“Die physikalischen und chemischen 
Methoden der quantitativen Bestimmung, Organischer Verbindungen”, Berlin, 1902) has 
set up several rules for the bromination of aromatic compounds. No claim is made that 
they are always valid (Redman, Weith and Brock, Ind. Eng. Chem., 1913, 5, 389). 
Francis and Hill (J. Amer. Chem. Soc., 1924, 46, 2498) have published a critical and con- 
clusive work on the bromination of phenols and amines. Day and Taggarat (Ind. Eng. 
Chem., 1928, 20, 545) have studied critically the Koppeschaar procedure with the fewest 
possible individual modifications to the largest number of phenols and aromatic amines. 


In the present investigation, Koppeschaar’s method, as modified by Day e# al., has 
been used for the bromination of phenols and aromatic amines with Chloramine-B in the 
presence of excess of potassium bromide in acid medium. The bromine required for bro- 
mination is obtained according to the following reaction : 


Na 
CoHsSO,NC  +2KBr +2HCl + CgH;SO,NH2+NaCl+2KCl+Brp. 


Potassium bromide is taken in excess to ensure complete reduction of Chloramine-B and 
to increase the solvent power of the solution for bromine. Two methods have been 
employed. 


ExPERIMENTAL 


Dnrect Titration Method—A known weight of the substance was dissolved in a 
suitable solvent in a beaker, and diluted to 200 c.c. To it were added 10 c.c. of 20% KBr, 
5-10 c.c. of HCl (conc.) and a standard solution of Chloramine-B dropwise from the 
burette until a drop of the solution produced a blue spot on potassium iodide-starch paper 
which persisted for 1-2 minutes after the addition of the last drop of the Chloramine-B 


solution. 
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Taste [ 
Aniline hydrochloride. 2:4-Dinitrophenol. p-Chlorophenol. 

0.1065N Taken. Found. 0.1065 N Taken. Found. 0.1065 N Taken. Found. 
C.B. used. C.B. used. C.B. used. 

9.70cc. 00216 g. 0.0224g. 9.40cc. 0.0920 g. 0 0920 g. 10.80 c.c. 0.0364 g. 0.0369 g. 
12.30 0.0281 0.0283 16.20 0.1564 0.1587 18.30 0.0619 0.0626 
16.20 0.0367 0.0372 19,90 0.1932 0 1949 24.80 0.0837 0 0848 
20.00 0.0455 0.0459 21.80 0.2116 0 2135 3170 0.1092 0.1085 


lec. of 0.1065N-C.B. =0.002298 g. of aniline hydrochloride =0.00978 g. of 2 : 4-dinitrophenol =0.003421 g. of 
p-chlorophenol. 


o-Toluidine. o-Cresol. m-Toluidine. 
11.20 0.0282 0.0282 9.40 0.0236 0.0240 17.00 0.0321 0.0323 
16.00 0.0401 0.0404 15 80 0.0401 0.0403 20.60 0.0389 0.0391 
19,00 0.0478 0.0478 21.40 0.0543 0.0546 24.20 0 0458 0.0459 
23.60 0.0593 0.0596 24.90 0.0637 0.0635 


lc. of 0.0945N-C.B. =0.002525 g. of o-toluidine = 0.002551 g. of o-cresol. 
lec. of 0.1065N-C.B. =0.001899 g. of m-toluidine. 


Second Method “involving the use of internal indicator’.—A known volume of the 
substance in a conical flask was treated with 10 c.c. of 20% potassium bromide, several 
drops of 1% indigocarmine or 0.2% alcoholic methyl red solution and sufficient concen- 
trated hydrochloric acid to keep the normality above 2N during the bromination period. 
A standard solution of Chloramine-B was added dropwise from the burette -with constant 
shaking till the solution turned yellow. A few c.c. more of the Chloramine-B solution 
were added and then potassium iodide immediately. Finally it was titrated with standard 
sodium thiosulphate with starch as an indicator. 


TasLe II 
Anthranilic acid, Salicylic acid. Sulphanilic acid. 
0.1 N-C.B. Taken. Found. 0.1N-C.B. Taken. Found. 0.1N-C.B. Taken. Found. 
10.00c.c. 0.0343 g. 0.0343g. 6.70 c.c. 0.0231 g. 0.0231 g. 13.30 c.c. 0.0576 g. 0.0575 g. 
13.00 0.0446 0.0446 11.35 0.0391 0.0392 17.50 0.0769 0.0761 
17.00 0.0583 0.0583 17.50 0.0601 0.0604 11.30 0.0489 0.0489 
24.20 0.0823 0.0830 20.90 0.0713 0.0721 
lc. c. of 0.1N-C.B.—0,003428 g. of anthranilic acid=0.00345lg. of salicylic acid=0,.004325 g. of sulphanilic acid, 
p-Aminobenzoic acid. o-Toluidine. 2: 4-Dinitrophenol. 
11.35 0.0388 0.0389 10.50 0.0282 0.0281 10.00 0.0920 0.0916 
7.35 0.0251 0.0250 14.60 0.0392 0.0391 13.00 0.1196 0.1196 
13.30 0.0457 0.0456 17.80 0.0479 0.0476 16.80 0.1564 0.1545 
20.10 0.0685 0.0688 25.00 0.0670 0.0669 20.95 0.1932 0.1927 
lc.c. of 0.1N-C.B.=0.003425 g. p-aminobenzoic acid0.002675 g. of o-toluidine=0,0092 g. 2: 4-dinitrophenol. 
Acetanilide. o-Cresol. Aniline hydrochloride. 
9.90 0.0225 0.0223 8.70 0.0236 0.0235 10.00 0.0216 0.0216 
13.80 0.0313 0.0311 14.80 0.0401 0.0400 13.95 0.0302 0.0301 
20.60 0.0470 0.0464 20.10 0.0543 0.0543 17.00 0.0367 0.0367 


1 ce. of 0.LV-C,B. =0.00225 g. of acetanilide = 0.0027 g. of o-cresol0.00216 g. Uf aniline hydrochloride. 
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General Procedure for the Excess Method of Day et al—A known weight of the 
substance was dissolved in water, dilute sodium hydroxide or dilute hydrochloric acid in 
a 250 c.c. iodine flask. To it were added 10 c.c. of 20% KBr solution, a known excess of 
standard chloramine-B solution to brominate completely and to leave an excess equivalent 
to 10-20 c.c. of 0.1N sodium thiosulphate, 5 c.c. of HCl (conc.), and diluted to 100 cc. The 
flask was stoppered immediately and shaken for one minute. It was allowed to stand 
with occasional shaking in an ice-cold water-bath. The cup of the iodine flask was kept 
P filled with 5 c.c. of 40% KI solution. 


a4 

After some interval (say 20-30 minutes) the stopper was partly dislodged and the KI 
solution was drawn into the flask without any loss of bromine. The flask was thoroughly 
shaken, the stopper removed and the iodine liberated, equivalent to the excess of bromine, 
was titrated against 0.1.N sodium thiosulphate solution. 





In the case of methy! salicylate and acetylsalicylic acid, the solutions were hydroly- 
sed before analysis. The methyl salicylate and pheny! salicylate solutions were hydrolysed 
by heating just to boiling for 25 to 30 minutes with caustic scda solution. The excess 
method was not applicable to p-aminobenzoic acid. 


The results of various substances obtained by the three methods are recorded in 
Tables I, II and III respectively. 





Taste III 
Aniline hydrochloride. m-Toluidine. m-Nitroaniline. 
0.1N-C.B. Taken Found. 0.1N-C.B. Taken. Found. 0.1 N-C.B. Taken. Found. 


10.00c.c. 0.0216 g. ‘00216 g. 18.00 c.c. 0.0320 g. 0.0321 g. 10.00c.c. 0.0230 g. 0.0230 g. 


13.00 0.0281 0.0281 13.00 0.0229 0.0229 13.90 0.0322 0.0320 
16.95 0.0367 0,0366 21.85 0.0389 0.0390 18.90 0.0435 0.0435 
21.00 0.0454 0.0454 27.00 0.0481 0.0481 22.90 0.0529 0.0527 


lc.c. of 0. 1N-C.B. =0.00216 g. of aniline hydrochlorde=0,001783 g. of m-toluidine =0,0023g, of m-nitroaniline 





m-Cresol. Salicylic acid. Resorcinol. 
11.00 0.0196 0,0198 10.00 0.0230 0.0230 10.00 0.0183 0.0183 
18.60 0.0334 0.0335 17.00 0.0399 0.0399 14.10 0.0257 0.0258 
22.95 0.0413 0.0413 23.00 0.0529 0.0529 17.00 0.0312 0.0312 
27.40 0.0492 0.0492 32.90 0.0759 0.0757 23.00 0.0422 0.0422 


lc.c. of .0.1N-C.B.=0.0018 g. of m-cresol =0.002301 g. of salicylic acid =0.001833 g. of resorcinol. 


Anthranilic acid. Sulphanilic acid. m-Aminobenzoic acid. 
14.00 0.0229 0.0229 10.00 0.0288 0.0288 9.90 0.0228 0.0226 
15.10 0.0343 0.0343 18.90 0.0548 0.0545 17.00 0.0388 0.0388 
19.60 0.0446 0.0448 22.90 0.0663 0.0664 20.90 0.0479 0.0477 
25.60 0.0583 0.0585 25.00 0.0721 0.0721 27.05 0.0616 0.0629 


Ic.c. of 0.1N-C.B. = 0.002286 g. of anthranilic acid=0.00283 g. of sulphanilic acid =0,00223g.m-aminobenzoic acid, 
6 
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0.1N-C.B. Taken 


10.00 c.c. 
14.00 
20.85 
23.70 


Acetanilide. 
Found. 
0.0225 g. 0.0225 g. 
0.0315 0.0315 
0.0473 0.469 
0.0540 0.0533 
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Tasre III (contd.) 


0.1 N-C.B. 


11.35 c.c. 
15.95 
21.50 
26.10 


p-Chlorophenol. 


Taken. 


0.0364 g. 
0.0514 
0.0692 
0.0838 


Found. 


0.0364 g. 
0.0512 
0.0690 
0.0838 


0.1N-C.B. 


9.90 c.c. 
14.00 
20:90 
25.90 





p-Nitrophenol. 
Taken. Found. 
0.0348 g. 0.0344. 
0.0487 0.0487 
0.0729 0.0726 
0.0903 0.0900 


Ic.c. of 0.1 N-C.B. =0.00225 g. of acetanilide =0.00321 g. of p-chlorophenol =0.003475 g. of p-nitrophenol. 


10.10 
14.00 
19.00 
23.00 


o- Nitrophenol. 


0.0348 0.0351 
0.0487 0.0487 
0.0660 0.0660 
0.0799 0.0799 


9.90 
14.00 
20.90 
20.90 


m- Nitrophenol. 


0.0231 
0.0325 
0.0487 
0.0534 


0.0229 
0.0324 
0.0484 
0.0531 


10.00 
14.00 
19.00 
23.05 


: 4-Dinitrophenol. 


0.0920 0.0920 
0.1288 0.1288 
0.1748 0.1748 
0.2116 0.2121 


l c.c. of 0.1. N.-C.B.—0.003475 g. of o-nitrophenol =0.002317. of m-nitrophenol =0.0092 g. of 2 : 4-dinitrophenol. 


9.50 
13.30 
16.00 
21.70 


Methy] salicylate. 


0.0240 0.0241 
0.0336 0.0337 
0.0407 0.0405 
0.0554 0,0550 


9.70 
12.50 
16.40 
20.30 


Salol. 


0.0173 
0.0225 
0.0294 
0.0364 


0.0173 
0.0223 
0.0292 
0.0362 


10.00 
14.00 
17.10 
23.00 


Aspirin. 
0.0300 0.0300g 
0.0420 0.0420 
00510 0.0513 
0.0690 0.0690 


lc.c. of 0.1 N-C.B.=0.002533 g. of methyl salicylate =0.001783 g. of salol=0.0030 g. of aspirin 


On comparing the results obtained from the various methods it is clear that the 


excess method is of wide application, and moreover, gives very accurate results. Direct 
method though appears to be simple is very tedious in practice because of the use of 
external indicator. The end-point in some cases is not sharp and high results are gener- 
ally obtained. In the authors’ opinion, the excess method should always be preferred where- 


ever applicable over the direct method. 
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POTENTIOMETRIC DETERMINATION OF AROMATIC AMINES AND 
PHENOLS USING CHLORAMINE-B AS A 
BROMINATING AGENT 
By Apar Sincu 
g. Quantitative bromination of phenols and aromatic amines has been made potentiometrically 
: using Chloramine-B. 

It has been shown in the preceding paper (this issue, p. 605) that various phenols and 
amines can be quantitatively brominated by Chloramine-B in the presence of excess of 
potassium bromide and hydrochloric acid. 

The reactions have been utilised in the quantitative determination of these substances 
by the potentiometric method using Chloramine-B as a brominating agent. The bromine 
for the analysis is supplied by the interaction of potassium bromide and Chloramine-B 
in the presence of sufficient hydrochloric acid according to the following reaction : 


Na . 
I. CoH80.NC +2KBr+2HCl — C,H;SO2.NH_+NaCl+2KCl+ Bre. 


The nascent bromine thus obtained reacts with the various substances according to 
the following equations. 


1. Anthranilic acid. 

C.H,(NH_2).COOH+ 2Brg —> C,.He. Brg (NH;). COOH+2HBr. 
2. Sulphanilic acid. 

C.H4(NHg2). SO;.0H+2Brg — > CgH2Bre (NH). SOg. OH+2HBr. 
3. m-Aminobenzoic acid. 

C.H,(NH2).COOH+3Bre —> C,.He Brs (NHe)+3HBr+COsz. 
4. o-Toluidine. 


C.H,4(NH2).CH;+2Br, —> CeHeBre (NHg). CHs + 2HBr. 
5. p-Toluidine. . 
CsH4(NH_2).CHs+2Brg —)> C,H2Bre (NHg). CH; +2HBr 


6. m-Toluidine. 
CeH,4 (NH¢). CHs +3Bre —> C.sHBrs (NHo). CHs +3HBr. 


7. m-Nitroaniline. 


CgH,(NOg). NH2+3Bre —> C,.HBrs (NO). NH2+3HBr. 
8. o-Nitroaniline 
CgH4(NOg). NHg+2Br, —> C.He Bre (NOzg). NHo+2HBr. 
9. 8-Hydroxyquinoline (oxine) 
CoH,ON +2Bre —> C,H;,ONBr,+2HBr. 
10. m-Cresol. 
C,H, (OH). CHs+3Br. —> C,HBrs (OH). CH; +3HBr. 
11. p-Chlorophenol. 
C.H, (OH). Cl+2Bre —> C,H-2Br2(OH). Cl+2HBr 


12. Phenol. 
C,H ,OH + 3Br, 






—_—> C.HoBrs (OH) +3HBr. 
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The oxidation-reduction <!ectrode, which consisted of a bright platinum foil 
immersed in a solution to be titrated, was coupled with a saturated calomel electrode 
through an agar agar-potassium chloride bridge. The cell was placed in a water-bath, 


A. SINGH 


EXPERIMENTAL 


maintained at 20°. E. M. F. of the cell was read on a potentiometer. - 


A known weight of the pure substance was dissolved either in dilute acid or alkali and 
treated with 10 c.c. of 20% potassium bromide (free from iodide and iodate) solution, 
10 c.c. of hydrochloric acid and the whole solution was diluted to 100 cc. 
solution of Chloramine-B was added from the burette to the mixture, kept stirred during 


titration by a mechanical stirrer. 


Potentiometric titrations were performed with different amounts of each substance. 


A standard 


One titration: as typical of each set is recorded in the following tables. 


Titration of 0.05130 g. of anthranilic acid mixed with 10 cc. of 20% KBr, 10 cc. 


Tas_eE I 


of HCl (conc). and 80 ¢.c. of water, against 0.1N- Chloramine-B (C.B.). 


C.B. 


0.00 c.c. 

1.00 

3.00 

5.00 

9.00 
12.00 
14.00 
14.50 
14.70 


14.90 


14,95 


E. M. F. 


(volts). 
0.2455 
0.2498 
0.2510 
0.2532 
0.2600 
0.2672 
0.2752 
0.2876 
0.2946 
0.3212 


0.7415 


E/C 
(m. volts/c.c. ). 


4 


1 


35 
133 


8406 (maximum) 


C.B. 


15.00 c.c. 
15.10 
15.30 
15.50 
16.00 
17.00 
19.00 
21.00 
24.00 
27.00 


30.00 


E. M. F, 
(volts). 


0.7490 
0.7557 
0.7625 
0.7675 
0.7750 
0.7850 
0.7960 
0.8020 
0.8090 
0.8145 


0.8195 


E/c 
(m. volts/c.c.). 


150 
67 
34 
25 
15 
10 


11 
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TABLE II 


Titration of 0.0833 g. of 8-hydroxyquinoline mixed with 10 c.c. of 20% KBr, 10 cc. 
of HCl (cone.)and 80 c.c. of water, against 0.1 N-Chloramine-B. 


C. B. E. M. F. Ec. CB EMF. , 
(volts). (m. volts/c.c.). aT (volts). (m. volts/c.c.). 
0.00 cc. 0.2925 € 22.70 c.c. 0.3657 293 
1.00 0.2983 1 22.90 0.4242 1380 
3.00 0.3000 0 22.95 0.4910 4380 
(maximum) 
6.00 0.3010 1 23.00 0.7325 194 
9.00 0.3025 9 23.05 0 7422 226 
11.00 0.2813 2 23.10 0.7535 oc 
13.00 0.2800 3 23.30 0 7663 64 
15.00 0.2857 0 23.50 0.7726 18 
18 00 0.2855 0 24.00 0.7818 11 
19.00 0.2855 3 25.00 0.7927 5 
20.00 0.2882 9 27.00 0.8030 3 
20.50 0.2927 7 30.00 0.8116 3 
21.50 0.3000 33 33.00 08191 2 
22.00 0.3167 68 37.00 0.8252 1 
22.50 0.3505 76 40.00 0.8295 


DiscussION 


Tn these titrations it is evident that with the addition of the standard Chloramine-B 
solution, the E.M-F rose steadily till the equivalence point. At the equivalence point there 
was a sharp jump in potential followed by a steady rise in each case. 

From the volume of standard Chloramine-B used, corresponding to the equivalence 
point in each titration, the amount of each substance was calculated. In the following 
table the values obtained are compared with the amounts of substance taken. 


Taste III 
Anthranilic acid. p-Toluidine. Found. 
Taken. 0. LN-C. B. used Found. Taken. 0. 1N-C. B. used 
0.0312 g. 9.11 c.c, 0.0312 g. 0.0268 g. 10.10 c.c. 0.0270 g. 
0.0438 12.92 0.0442 0.0428 16.10 0.0431 
0.0511 14.93 0.0511 0.0511 19.10 0.0511 
Sulphanilic acid. o-Toluidine. 
0.0433 10.03 0.0434 0.0262 9.83 0.0263 
0.0562 12.92 0.0559 0.0567 20.90 0.0559 
0.0735 17.00 0.0735 0.0720 26.73 0.0715 
m-Aminobenzoic acid. m-Toluidine. 
0.0228 9.84 0.0225 0.0203 11.42 0.0204 
0.0311 13.61 0.0311 0.0386 21.58 0.0385 
0.0477 20.50 0 0468 0.0549 30.66 0.0547 
m-Nitroaniline. o-Nitroaniline. 
0.0223 9.72 0.0224 0.0321 9.30 0.0321 
0.0303 13.11 0.0302 0.0467 13.42 0.9463 
0.0405 17.25 0.0400 0.0691 20.00 0.0690 
8-Hydroxyquinoline. p-Chlorophenol. 
0.0364 10.05 0.0364 0.0299 9.23 0.0297 
0.0619 16.98 0.0616 0.0434 13.46 0.0433 
0.0832 22.96 0.0832 0.0678 21.03 0.0676 
Phenol. m-Cresol. 
0.0153 9.70 0.0152 0.0257 14.15 0.0255 
0.0260 16.60 0.0260 0.0343 18.70 0 0336 
0.0307 19.50 0.0306 0.0467 25.53 0.0460 


From the above results it is evident that anthranilic acid, sulphanilic acid, m- 
aminobenzoic acid, 0-,m,-p-toluidines, 0-and-m- nitroanilines, 8-hydroxyquinoline., 
m-cresol, p-chlorophenol and phenol can be determined potentriometically with standard 
Chloramine-B in the presence of excess of potassium bromide. 


DEPARTMENT OF CHEMISTRY, Received January 15, 1954. 
PanJAB UNIVERSITY COLLEGE, HOSHIARPUR. 
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ADSORPTION BY POROUS BODIES AS INFLUENCED BY MOISTURE. 
PART I. ADSORPTION FROM SOLUTION PHASE 


By Bauwant Rat Port, R. K. Sup anp M. L. LAKHANPAL 


Adsorption of a few organic acids from different solvents by silica gel and sugar charcoal in the 
absence and in the presence of increasing amounts of moisture has been studied. The results show that 
the influence of the moisture varies with the nature of the adsorbent, adsorbate and the solvent used. 
There is evidence to believe that moisture exists as “free’’ water. 


It appears from the literature that while a great many studies on adsorption by porous 
bodies have been reported, the influence of moisture present in the adsorbent on the adsorp- 
tion capacity of these substances has not been investigated in details. Volman and Doyle 
(J. Phys. Chem , 1952, 56, 182) have shown recently that the retentivity of charcoal for the 
sparingly soluble methylethy] ether decreases and that of the largely soluble methyl alcohol 
increases in the presence of moisture held up in equilibrium with 80% relative humidity. 
The problem is of some importance in view of the fact that water is not only -a uni- 
versal solvent but is also capable of entering into loose chemical combination with a 
number of substances. 


The problem is of theoretical interest from another point of view. If moisture held 
up in a porous body is “free”, i.e, it retains its individuality and liquid property, it should 
be able to form an interface with an immiscible solvent and thus remove a portion of the 
solute in accordance with its distribution between the two solvents. If, on the other 
hand, it is not free, its presence may not affect the results or may do so in some other 
way. It appears therefore that if adsorption by porous bodies is measured in the presence 
of varying amounts of moisture, held in equilibrium with atmospheres of different relative 
humidities, some interesting data will be obtained which may throw some light on the state 
in which the moisture is held. 


In this paper, the authors have studied adsorption of acetic, propionic, butyric, 
phenylacetic and benzoic acids by silica gel (prepared by Patrick’s method) and sugar 
charcoal, from aqueous as well as toluene solutions. Both the adsorbents were associated 
with varying amounts of moisture picked up from atmospheres of different relative 
humidities. 


EXPERIMENTAL 


About 1.5 g. portions of the adsorbents (which had been dried at 110° and were taken 
to correspond to zero moisture content) were spread out in small petri-dishes and placed 
in desiccators containing sulphuric acid-water mixtures corresponding to different relative 
humidities. The desiccators were allowed to stand in an incubator, the temperature of 
which was maintained at 20°, within + 0.5° asin an earlier work (Puri, Lakhanpal and 
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Varma, this Journal, 1952, 29, 841). The room temperature prevailing at the time of 
these experiments was also about the same. The samples were weighed after a week and 
then daily till no further increase in weight was recorded. The adsorbents were then 
transferred to narrow-mouthed bottles containing 20 ml. of the various:solutions. The con- 
tents were shaken mechanically for two hours and then allowed to stand overnight in the 
same incubator, after which the amount of the solute in the supernatant liquid was deter- 
mined by titrating an aliquot against a standard alkali solution. The technique was tested 
by making replicate determinations when reproducible results were obtained. As the 
main purpose was to study the influence of moisture on adsorption under similar conditions 
of experiment, measurements in the case of a particular adsorbent—adsorbate system were 
carried out at about the same time. 


The initial concentrations of the various solutions were 0.5 N, excepting those of 
phenylacetic and benzoic acids in water which, on account of the limited solubility of these 
compounds in water, were only 0.075N and 0.025N respectively. One hundred ml. of 
these solutions were taken instead of 20 ml. as in all other cases, as mentioned above. 


The amounts of the various acids adsorbed, expressed in milli-equivalents (m.e) per 
100 g. of dry adsorbent, are recorded in Table I for the aqueous solutions and in 
Table II forthe solutions in toluene. The moisture contents of the adsorbents 
and the corresponding relative humidities are also included in appropriate columns. 


DISCUSSION 


Considering the results obtained with silica gel from the aqueous solutions (Table I), 
in the first instance, it is seen that the adsorbability of each solute tends to increase with 
increase in the moisture content of the adsorbent. The net increase in the adsorbubility of 
acetic, propionic, butyric, phenylacetic and benzoic acids, for the same amount of moisture 
at 97% relative humidity, is seen to be about 45, 14, 12, 7 and 3 milli-equivalents per 100 g. 
of dry adsorbent respectively. It is well known that the solubility of fatty acids in water 
tends to decrease with increase in the length of the hydrocarbon chain and _ that benzoic 
acid is the least soluble of the above mentioned acids. It appears therefore that increase 
in the adsorbability of a solute due to moisture is related to its solubility in water. The 
fact that the same amount of moisture produces different effects in the case of different 
solutes shows that it constitutes a separate phase even when brought in contact with 
aqueous solutions. This may bedue to its presence in minute capillary pores of the 


adsorbents. 


The results obtained with sugar charcoal (Table I) lead to similar conclusions so far 
as adsorption of the fatty acids is concerned, although:the increase produced is less than 
that in the case of silica gel. Adsorption of phenylacetic and benzoic acids, however, 
decreases in the presence of increasing amounts of moisture, the effect being more in the 
case of benzoic acid. Both these acids, as is well known, are only slightly soluble in water. 
It appears that moisture, apart from exercising its solubility effect, also covers up a part 
of the adsorbent surface, thereby reducing the available space for adsorption. Sugar 
charcoal seems to be more sensitive to this effect than silica gel. In the latter case the 
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loss of the adsorption space is more than compensated by the solvent action of the 
moisture even when phenylacetic and benzoic acids are the adsorbates (Table I). In the 
case of charcoal, this happens only with the more soluble acids but not with phenylacetic 
and benzoic acids. For the same reason the increase in the adsorption of acetic, 
propionic and butyric acids per gram of moisture is more in the csse of silica gel than in 
the case of sugar charcoal (cf. Table 1). 


Taste I 


Adsorption from aqueous solutions of diff. acids by adsorbents 
having diff. moisture contents. 


Relative Moisture Adsorption of acids in m.e./100 g. dry adsorbent 
humidity. content. Acetic. Propionic. Butyric Phenylacetic Benzoic. 
A. By silica gel. 
0% 0.0% 99.1 92.4 96.6 91.4 93.8 
8.2 1.82 102.7 94.7 98.0 92.6 93.9 
22.0 4.40 106.5 97.2 100.5 93.9 94.3 
40.4 7.21 112.8 100.4 102.4 95.0 95.3 
75.6 14.01 124.1 103.2 103.9 96.4 95.7 
97.0 31.45 144.5 106.5 108.0 98.3 96.7 


B. By sugar charcoal. 


0 0.00 42.1 60.6 90.8 99.8 60.6 
8.2 1.75 43.5 61.7 921 94.6 55.1 
22.0 3.94 44.7 62.6 92.6 92.7 52.6 
40.4 6.61 46.6 63.7 92.5 92.0 43.4 
75.6 12.57 48.7 65.3 93.4 87.9 41.1 
97.0 19.77 49.6 66.9 94.5 82.1 36.9 


The results obtained from- the toluene solutions (Table II) also present 
several interesting features. The adsorbabilities of acetic and propionic acids increase 
with increase in moisture content in the case of both the adsorbents. Further, the increase 
for the same amount of moisture is more from the toluene than from the aqueous solutions 
(Table I). The reason for this probably lies in the fact that these acids get more 
largely distributed in water than in toluene. Accordingly, the moisture is able to pick up 
more of these acids from the toluene than from the aqueous solutions. 
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Taste IT 


Adsorption from toluene solutions of different acids by adsorbents having different 
moisture contents. 
Relative Moisture Adsorption of acids in m.e. /100 g. of dry adsorbent. 


humidity. content. Acetic. Propionic. Butyric Phenylacetic Benzoic. 
A. By silica gel. 


0% 0.00% 213.5 128.4 1147 112.9 210.2 
8.2 182 223.1 135.9 111.3 105.5 192.5 
22.0 4.40 226.3 139.1 107.2 102.9 193.8 
404 7.21 249.7 141.2 107.1 98.7 175.2 
75 6 14.01 297.2 144.4 106.5 97.7 154.5 
$7.0 31.45 351.6 149.1 104.4 96.1 102.1 


B. By sugar charcoal. 


0 9.00 155.5 42.4 4.6 6.8 Nil 
8.2 1.75 183.9 81.6 8.1 7.6 14 
22.0 3.94 221.0 92.9 9.2 9.2 3.6 
40.4 6.61 256.6 102.8 11.6 14.2 5.2 
75.6 12.57 297.2 110.8 14.6 18.0 6.8 
97.0 19.77 351.1 117.3 19.4 21.7 10.0 


Adsorbabilities of butyric, phenylacetic and benzoic acids decrease in the presence 
of moisture in the case of silica gel (Table II). This is due to the fact that these acids 
are distributed to a greater extent in toluene than in water. Silica gel takes up apprecia- 
ble amounts of these acids in the dry state. When some of its surface is covered up by 
moisture, the available space for adsorption decreases, and this cannot be compensated by 
extraction of the solute from toluene by the moisture, since these acids, as already men- 
tioned, are distributed more in toluene than in water. It is interesting to note that butyric 
acid, the distribution of which is known to be only slightly more in toluene than in water, 
suffers only a slight decrease in its adsorbability, while benzoic acid, which is known to be 
distributed much more in toluene than in water, suffers the maximum decrease. 


Unlike silica gel, sugar charcoal is seen to take up more of butyric, phenylacetic and 
benzoic acids in the presence of increasing amounts of moisture (Table II). This is also 
the reverse of what happens in the case of adsorption of these acids by sugar charcoal 
from aqueous solutions (Table I). The reason for this will be obvious when it is noticed 
that sugar charcoal in the dry state can take up appreciable amounts of these acids from 
the aqueous and only negligible amounts from the toluene solutions. Its surface, therefore, 
may be considered as ‘inert’ as far as adsorption of these acids from toluene solutions is 
concerned. Accordingly, when its surface is partly covered up by moisture, the question 
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of loss of any adsorbent space does not arise, since practically none exists. The presence 
of moisture, however, leads to partial abstraction of the solute from the toluene solutions. 
This results in increased adsorption. 


It appears from these results that moisture plays a dual role. Firstly, it covers up 
a part of the adsorbent surface reducing, by a competition, as it were, the available space 
for adsorption, and secondly, it acts as a solvent and removes solutes from aqueous as 
well non-aqueous solutions. Amongst the factors which determine the relative importance 
of these two effects are : the nature of the adsorbent and its capacity to take up a given 
solute from a given solvent in the dry state, the solubility of the solute in water, and the 
relative distribution of the solute between water and the second solvent. The fact that 
the moisture held in equilibrium with even as low a relative vapour pressure as about 0.1 
is capable of acting as a solvent, at least in the case of the more soluble acids, shows that 
it exists as “free” water. 


DEPARTMENT OF CHEMISTRY, 
PanJAB UNIVERSITY, Received November 23, 1953. 
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p-TOLYLiso&THIOHYDANTOIN AND SOME OF ITS DERIVATIVES 
By K.C. Das anp M. K. Rovt 


p-Tolylisothiohydantoin has been prepared by the condensation of monochloroacetic acid with 
p-tolylthiourea in absolute alcohol medium in presence of anhydrous sodium acetate. The thiohydantoin 
prepared has been further condensed with fifteen different aldehydes. The resulting arylidene compounds 
have been methylated and also reduced to aralkyl-isothiohydantoins. 


Many hydantions and thiohydantoins like Dilantin, Nirvanol, 2-copper-mercapto- 
-3-phenylhydantoin-5 -acetic acid etc. have been very usefully employed in medicine. The 
hydantoins-are also used in textile printing, in the production of resins and plastics and as 
root-forming substances, bleaching agents, antiseptics and germicides. In view of the above, 
it was considered worthwhile to undertake preparation of some new thio- and ¢sothio- 
hydantoins and subsequent-study of their biological properties. 


In the-present investigation, p-tolylisothiohydantoin has been prepared by the inter- 
action of monochloroacetic acid and p-tolylthiourea in absolute alcohol in presence of 
anhydrous sodium acetate. When p-tolylthiourea was refluxed with chloroacetic acid in 
rectified spirit and excess of alcohol subsequently evaporated, a yellow compound, appre- 
ciably soluble in water and acidic in nature, separated out. The nature of the compound 
is under investigation. By using, however, anhydrous sodium acetate and absolute alcohol, 
as stated above, the product obtained was neither acidic in nature nor soluble in water. 
It was‘suspected to be an isothiohydantoin. By condensation of ethyl monochloroacetate 
with phenylthiourea, Meyer (Ber., 1877,10, 1965) had isolated a compound to which 
Liebermann and Voltzkow (Ber., 1880, 13, 278) assigned structure (I) in preference to 
structure (II), suggested by Meyer. Liebermann’s view has also been confirmed by Lange 
(Ber., 1879, 12, 595) who established a similar structure (III) for diphenylisothiohydantoin. 
In view of this, the compound suspected to be an isothiohydantoin was regarded to possess 
structure (IV) analogous to those established for phenyl- and diphenylésothiohydantoins. 
Other evidences in support of the above view have been described below. 


' wales 


cH CH _§ 
aan *S c= NPh : C= NH yo N.Ph 
me NH co-N biti uc tt 
(1) (11) | (ID 
ay Ph 
CH,— S Me. CgHs. N—CO 
l YOEN, CoHy. Me | | 
CO—NH sc | 
(IV) HN—CH, 
(Vv) 


A normal thiohydantoin structure (V) for the compound is ruled out as the presence 
of S-CH2-CO-group has been indicated by a test of Andreasch (Ber., 1879, 12, 1385) and 
further because the compound cannot be desulphurised by chloroacetic acid, By boiling 
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the ésothiohydantoin with dilute HCl, a white substance was obtained which was identical 
with the glycollide obtained by interaction of chloroacetic acid and p-tolylthiourethane. 
The formation of the glycollide can be accounted for only by assuming the structure (IV) 
for p-tolylisothiohydantoin. 


p-Tolylisothiohydantoin, structure and method of preparation of which have been des- 
cribed above, has been condensed with a number of aldehydes in glacial acetic acid in 
presence of anhydrous sodium acetate. Table I summarises the analytical data of these 
compounds. The preparation of one such resulting arylidene compound has been illus- 
trated in the Experimental. The aldehyde condenses with the reactive - CH2-group of 
the ‘#sothiohydantoin ring, the reaction running the expected course 


°—CHe +OHC.R i aa 
Me.OsH.N=C | sty Me.C,H,.N=C 
NH—CO NH—CO 


All the arylidene compounds, thus prepared, have been methylated by means of CHs! 
in alkaline medium and their analytical data have been recorded in Table II. The proce- 
dure for methylation has been illustrated in one case. 


Taste I 


(5-Arylidene)-p-tolylisothiohydantoms. 


% Sulphur. 

Aldehydes. Yield. Colour. M. P. Found. Calc. 
Benzaldehyde 60% Yellow 268° 10.78 10.88 
p-Nitrobenzaldehyde 62 Yellow 316° 9.38 9.44 
m- « 70 Yellow 285° 9.29 944 
o- e 50 Intense orange 260° 9.57 9.44 
Salicylaldehyde 65 Orange 253° 10.21 10.32 
p-Hydroxybenzaldehyde 72 Yellow 298° 10.16 10.32 
3-Nitrosalicylaldehyde 75 Yellowish brown 267 8.94 9.01 
5- a 80 Yellow 283 8.82 9.01 
Anisaldehyde 55 Yellow 250) 9.79 9.88 
3-Nitroanisaldehyde 70 Yellow 250 8.42 8.67 
Vanillin 65 Yellow 220° 9.26 9.41 
5-Bromovanillin 80 Greenish yellow 216° 7.55 7.64 
Dimethylaminobenzaldehyde 75 Deep orange 294 9.31 9.49 
Cinnamaldehyde 75 Yellowish brown 222 9.89 10.0 


Furfuraldehyde 70 Dull yellow 234 11.08 11,26 
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Taste II 


N - Methyl -(5-Arylidene)-p-tolylisothiohydantoin. 





Nature of the aldehyde from which % Sulphur. 

arylidene nucleus is derived. Colour. M. P. Found. Calc. 
Benzaldehyde Yellowish 156-58° 10.28 10.39 
p- Nitrobenzaldehyde Grey Above 325° 9.2 9.07 
m-Nitro - Greenish yellow 278° 8.96 9.07 
o-Nitro es Brown 108° 9.15 9.07 
Salicylaldehyde Light yellow 224 9.79 9.88 
p-Hydroxybenzaldehyde Light brown 204° 9.72 9.88 
3-Nitrosalicylaldehyde Light yellow 246° 8.54 8.67 
5- Nitrosalicylaldehyde Faint yellow 242 8.58 8.67 
Anisaldehyde Greenish yellow 217° 9.38 9.47 
3-Nitroanisaldehyde Reddish brown 200 8.25 8.36 
Vanillin Light yellow 101° 8.92 9.04 
5-Bromovanillin Light yellow 156 7.45 7.40 
p-Dimethylaminobenzaldehyde Reddish brown 144 8.96 9.12 
Cinnamaldehyde Brown 108 9.49 9.58 
Furfuraldehyde Yellowish brown 192 10.61 10.73 


Taste III 
T. CH. R(T representing p-tolylisothiohydantion nucleus) 


Nature of the aldehyde from % Sulphur 

which nucleus R is derived. Colour. M. P. Found. 
Benzaldehyde Grey 119 10 72 
Salicylaldehyde Brown 160° (decomp.) 10.11 
p-Hydroxybenzaldahyde Faint brown 104° 10.08 
Anisaldehyde Grey 186° 9.71 
Vanillin Brownish yellow 126° 9.25 
5-Bromovanillin Dark brown 95° 7.49 
p-Dimethylaminobenzaldehyde Pink 280° 9.35 
Cinnamaldehyde Yellowish brown 113° 9.72 


The arylidene compounds have been reduced with sodium amalgam as described in 
the Experimental, all the necessary analytical data being incorporated in Table III. 


EXPERIMENTAL 


Phenylthionrea, 3- and 5- nitrosalicylaldehydes, 3-nitroanisaldehyde and 5-bromo- 


vanillin, as intermediates, were prepared according to standard methods. 


p- Tolylisothiohydantoin.—p-Tolylthiourea (5.5 g.‘ was heated under reflux with 


Calc. 
10.81 
10.26 
10.26 
9.82 
9.36 
7.62 
944 
9.88 


monochloroacetic acid (4.0 g.) in presence of anhydrous sodium acetate (3 g.) and‘absolute 


alcohol (25 c. c.) on a water-bath for 3 to4 hours. The crude reaction mixture was 
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poured into water, when a precipitate was formed. The precipitate was washed several 
times with boiling water to dissolve out sodium acetate and finally recrystallised from 
alcohol, mp. 191°, yield 7.8 g. representing 90% of the theoretical. (Found: §, 15.31. 
C,0H;9ON@2S requires 8, 15.53 per cent). 


(5-Benxal)-p-tolylisothiohydatoin.—p-Tolylisothiohydantoin (3 g.) -and  benzal- 
dehyde (1.5 ¢.) were refluxed in glacial acetic acid medium (30 c.c.)in presence of 
sodium acetate (4 g.) on an asbestos wire-gauze for 1} hours. The clear solution on being 
poured into water gave a yellow precipitate. After standing overnight, the yellow preci- 
pitate was filtered. The product was recrystallised from alcohol. 

N- Methyl-(5-benxal)-p-tolylisothiohydantoin.—The preceding compound (1 g.) 
was added to finely pulverised KOH(I g.), dissolved in 95% alcohol (8 c.c.), when a 
yellow salt separated out. Mel (3 g.) was then added in small quantities at a time and 
then the reaction mixture was heated on a steam-bath for 3 hours until neutral to litmus. 
On cooling, the methylated thiohydantoin separated out and the inorganic salt formed was 
dissolved out by stirring with water. The substance was recrystallised frqm dilute alcohol. 

(5- Benxyl)-p-tolylisothiohydantoin.—(5-Benzal)-p-tolylisothiohydantoin (1 g.) was 
suspended in water (8 c.c.) and dilute caustic soda solution (1.5 c.c.). To this, kept 
at 80°, was added 3% sodium amalam (12 g.)in four portions at intervals of half 
hour. Within one hour, the thiohydantoin dissolved asa pale yellow solution. After 
heating at 80° for 8 hours, the solution was diluted with water and acidified with HCI (dil.). 
The precipitate formed was‘kept overnight, filtered and finally recrystallised from dilute 
alcohol. 

Work on other ¢sothiohydantoins and their condensation products is in progress. 


MAYURBHANJ CHEMICAL LABORATORY, 
RAVENSHAW COLLEGE, CUTTACK—3. Received July 13, 1953. 
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BROMINATION OF COMPOUNDS CONTAINING TWO AROMATIC NUCLEI. 
PART XIV. BROMINATION OF ARYL ESTERS OF 
5-NITRO-m-CRESOTIC ACID 


By (Miss) U. N. Hirwe anp G. V. JapHay 


Bromination of phenyl, 0-,m-,p-cresyl, <-and B-naphthyl and p-nitrophenyl esters of 5-nitro-m- 
cresotic acid has been carried out in acetic acid medium when monobromo derivatives are obtained in 
presence of a catalyst. With liquid bromine, however, higher bromo derivatives are formed. The consti- 
tutions of these bromo derivatives are arrived at by hydrolysis with alkali. 


The work of Jadhav and Aslam (this Journal, 1947, 24, 201) has been extended with 
a view to studying the effect of a negative group like NO2 on the reactivity of the mole- 
cule towards bromination. The previous workers found bromine to first enter the acidic 
part even in the presence of a solvent and that bromo derivatives with bromine in both 
acidic and phenolic parts could be obtained by the use of liquid bromine only. It has, 
however, been observed in the present work that in presence of a solvent pure monobromo 
compounds with bromine in the acidic part can be obtained only in presence of a catalyst 
like fused sodium acetate. Liquid bromine, in which the compound is dissolved, gives 
higher bromo derivative. 


The constitutions of the bromo derivatives have been arrived at by alkaline hydro- 
lysis and identification of the acidic and phenolic components. 


That the introduction of the negative group deactivates the molecule is clearly 
pointed out by the fact that the nitrophenyl ester cannot be brominated in presence of 
a solvent, and with liquid bromine also it can give a bromo derivative with bromine in the 


acidic part only. 


EXPERIMENTAL 


Bromination in Acetic Acid Medium—tThe ester (2 g.) was dissolved in hot acetic 
acid (10 ¢.c.) and a small amount of fused sodium acetate was added. To this hot solution 
5% solution of bromine in acetic acid (4.8 c.c.) was added and the reaction mixture was 
allowed to cool slowly. The bromo product separating was filtered and crystallised from 
acetic acid. The compounds are described in Table I, A. 


Bromination with LiquidBromine.—Liquid bromine (2 c.c.) was added to the requi- 
site ester (2 g.) and the mixture was refluxed on a boiling water-bath for about 4 hours. 
The reaction mixture was then diluted with water and the product was washed with sodium 
bisulphite solution and crystallised from acetic acid at 80-75. The compounds are des- 
cribed in Table I,B. 
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TABLE I 


HIRWE AND G. Vv. JADHAV 


[NB denotes nitrobenzoate] 


Bromo derivative. Yield. 


M. P. 


A. With bromine in acetic soln. 


** Phenyl 2-hydroxy-3-bromo- 2¢. 
4-methyl-5-NB. 

* o-Cresyl 2-hydroxy-3-bromo- 2 
4-methyl-5-NB. 

* m-Cresyl 2-hydroxy-3-bromo- 1 
4-methyl-5-NB. 

* p-Cresyl 2-hydroxy-3-bromo- 2 
4-methyl-5-NB. 

+ «-Naphthyl 2-hydroxy-3- 1.5 
bromo-4 methyl-5-NB. 

+ B-Naphthyl 2-hydroxy-3- 2 


bromo-4-methyl-5-NB. 
B. With liquid bromine. 


t 4-Bromophenyl 2-hydroxy-3- 1.0 
bromo-4-methyl-5-NB. 

t 4-Bromo-o-cresyl 2-hydroxy-3- 0.8 
bromo-4-methyl-5-N B. 

+ 4: 6-Dibromo-m-cresyl 2-hydroxy- 1.0 

3-bromo-4-methyl-5- NB. 


+ 2:3-Dibromo-p-cresyl 2-hydroxy- 0.81 
3-bromo-4-methyl-5-N B. 
+ p-Nitrophenyl 2-hydroxy-3- 0.8 


bromo-4-methyl-5-NB. 


155-56° 


169-70° 


125-26° 


142-43° 


166-67° 


167-68° 


205-206° 


192-93° 


217-18° 


74-75° 


244-45° 


Formula, 


C,,H;90,NBr 
C,,H,.O,;NBr 
C,5H,20,NBr 
C,;H,.O,NBr 
C,,H,~.O,NBr 


C,sHy,O,NBr 


C,,H,O,NBr, 

C,,H,,0,NBr, 
C,5,H,9O;NBr, 
C,,H,,.Og,NBrs 


C,,4H,O- NgBr. 


% Bromine. 





Found. Calc. 
22.4 22.7 
22.2 219 
22.2 21.9 
22.1 21.9 
20.0 19.9 
20.2 19.9 
37.0 37.1 
35.7 35.9 
45.5 45.8 
45.4 45.8 
20.1 20.2 


Compounds marked with a + are synthesised by heating the requisite phenol with the acid in presence 


of phosphorus oxychloride at 120-30’. 


Hydrolysis.—The bromo derivative (2 g.) was gently boiled under reflux with 54 KOH 


solution for 5 hours. 


Carbon dioxide was then passed through the alkaline solution and 


the phenolic component was removed by ether. The constitution of the phenol in the 
case of compouuds marked with an asterisk was confirmed by benzoylation and those 
marked by a tdagger by mixed melting, and those marked with double asterisks through 


their nitro derivatives. 


ORGANIC CHEMISTRY LABORATORIES, 
Tue INsTITUTE OF Science, Bompay. 


Received February 22, 1954 
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SEED FAT OF ANAMIRTA COCCULUS 


By T. R. Kastrurr anp B. H. Iver 


Fatty acids of the seed fat of Anamirta cocculue consist of palmitic (6.1%), stearic (47.5%), oleic 
(43.3%) and linoleic (3.12%). The glyceride composition of the fat as determined by the acetone per- 
manganate oxidation method is: trisaturated (GS,),9-77% ; disaturated mono-unsaturated (GS ,U), 
41.55% ; mono-saturated di-unsaturated (GSUq), 48.78% and tri-unsaturated (GU3), nil. The unsaponifiable 
matter from the fat contains sitosterol. 


Anamirta cocculus |N.O. Menispermaceae, Kakamari (Hindi, Telugu, Canarese, 
Bengali), Kakkaykollivirai (Tamil), and Fish berries (English)] is a large climbing shrub, 
with kidney -shaped drupes (2-3”) which turn red on ripening. The plant is found in Orissa, 
Eastern Bengal, Khasia Hills, Deccan (Cuddappa and Malabar), Ceylon, Burma and Malaya 
(Kirtikar and Basu, “Indian Medicinal Plants, 1918, Vol. I, p. 58). The berries which 
have been used in India to stupefy fish and to poison crows is the Cocculus indicus of 
commerce, which is the source of picrotoxin, a highly poisonous crystallisable bitter princi- 
ple. The fruits are reported to contain about 507, oil (Kanny Lal Dey, “Indigenous 
Drugs of India”, 1896, p. 26). The berries are also used externally in indigenous medicine 
and Koman found the drug useful in some cases of ringworm (The Wealth of India-Raw 
Materials, 1948, Vol. I, p. 75]. Picrotoxin, the active bitter principle of the seed, is 
employed for checking night sweats in phthisis and as an antidote in morphine and 
chloral poisoning (Dey, loc. cit.). ‘The dried ripe fruits are exported chiefly from Bombay, 
Calcutta and Madras. In the West also, they were formerly used as fish poison and for 
adulterating malt liquor. Now they are mainly used for the extraction of picrotoxin 
(The Wealth of India, /oc. cit). 


Although quite a large amount of work has been done on the elucidation of the 
chemistry of picrotoxin, no systematic work seems to have been done on the chemistry 
of the fat from the seeds. Hooper (Agri.-Ledger, 1911-12, No. 5, 112 ; ef. Ubbelholde, 
“Handbuch der dle und Fette”, 2 Auflage, Band 2, 1932, p. 602] as well as Ylagan 
and Santos (Chem. Abs., 1942, 36, 2348") have examined the fat and the few characteristics 
as reported by them are recorded in Table I side by side with those of the present sample. 


In the present work, the seeds, kindly supplied by the Silviculturist, Government of 
Travancore and Cochin, have been investigated. The kernels amounting to 43% of the 
seed, when extracted with carbon tetrachloride gave 62% (on the weight of the kernels) of a 
a pale yellow solid fat, with a characteristic agreeable odour. It can be decolorised with 
norite. The physical and chemical characteristics of the fat are shown in Table I. 
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Tas_eE I 

Present sample. Hooper. Ylagan and Santos 
Specific gravity (dj 4) 0.9057 0.9258 (20°) 0.8833 (33.5°) 
Refractive index (mp****) 1.4522 ion 1.4316 (27°) 
Acid value 39.9 Sed 124.0 
Saponification value 187.5 7 126.0 
Acetyl value 20.3 ~ 
Iodine value (Wijs) 38.05 42.36 
Thiocyanogen value 35.05 
Richert-Miesel value 4.203 
Polenske number 0.567 
Specific rotation +1.607 (in CHCl, solution) 
Hehner value 90.62 
Unsaponifiable matter 0.68% eee 
Melting point of fat 44—46° 40° 
Melting point of fatty acids - 54” 


The high acid value might be due to the seeds being not good and fresh as informed by the supplier. 
The appreciable acetyl value and positive rotation might be due to contamination with small quantity of 
picrotoxi : as indicated by positive colour tests of the fat for picrotoxin [Pharmocopaeia of the United 
States, 13th Ed., 1947, p. 363]. 


Component Acids of the Fat.—The mixed acids obtained from the fat by saponi- 
fication with alcoholic potash was subjected to Twitchell’s lead salt separation and resol- 
ved into 55.1% solid and 44.9% liquid acids. The solid and the liquid acids were separa- 
tely methylated and the esters were fractionated. From the iodine and saponification 
values of the different fractions, the individual fatty acids in each fraction was calculated 
and the composition of the mixed acids computed. The composition of the mixed fatty 
acids, as determined by ester fractionation data as also from Thiocyanogen value (Jamieson, 
“Vegetable Oils-and Fats”, 2nd Ed, p.p. 396-98), is shown in Table II. 


Tasie II 
Acids . Ester fractionation. Thiocyanogen value. 
Mole%. Weight %. Mole%. Weight%. 
1. Saturated : 53.7 53.6 59.9 59.6 
Palmitic ddd 6.7 6.1 
Stearic on 47.0 47.5 
2. Unsaturated : oe 46.3 46.4 40.0 40.4 
Oleic one 43.2 43.3 36.2 36.5 
Linoleic eee 3.1 3.1 3.9 3.9 


By reduction of the mixed acids with Raney Ni-alloy (Schwenk, Papa, Whitman 
and Ginsberg, J. Org. Chem., 1944, 9,175), stearic acid has been obtained in 80% yield. 
It would appear that this fat should serve as a good source for stearic acid. 


Component Glycerides of the Fat.—Saturated glycerides (GS3) were determined by 
acetone permanganate oxidation of the neutral fat as given by Hilditch (“The Chemical 
Constitution of Natural Fats”, 1941, pp. 405-409]. The monoazelao and diazelao glycerides 
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in the oxidation product of the fat were estimated by the method developed by Kartha 
and Menon (Proc. Ind Arad. Sei, 1943, 17A,114). The percentages of the different 
glycerides are shown in Table ITI. 


Taste III 
Glycerides. Experiment. Even distribution’. 
° II, a, b. c. 
1. GS, = 9.86 9.67 12.66 - ove 
2. GS,U aia 41.20 41.90 37.08 €6.61 61.41 
3. GSU, oe 49.00 48.30 50.39 27.86 38.88 
4. GU, ose we 0.09 ia 5.46 


*Calculations based on even distribution, according to Hilditch and Meera (J. Soc, Chem. Ind., 1942, 
61, 117). 


(a) Stearic proportioned between palmitic, oleic and linoleic acids. 
(6) Oleic proportioned between palmitic, stearic and linoleic acids. 
(ce) Unsaturated acids proportioned between palmitic and stearic acids. 
The percentages of the probable individual glycerides are : palmito-distearin, 3.66 ; 
tristearin, 6.10; palmito-stearo-olein, 10.37; distearo-olein, 31.20 ;palmito-diolein, 6.12 ; 
stearo-diolein, 42.63. 


Unsaponifiahle Matter—The unsaponifiable matter (0.67%) obtained from the fat 
was tested for the presence of sterol by the Liebermann-Burchard reaction, when it gave 
a violet coloration. Identification of the sterol was carried out by first converting the 
sterol into an addition product with digitonin and subsequently treating this addition 
product with acetic anhydride, when the digitonin parted with the sterol (Jamieson, loc. cit., 
p. 417). The acetate once recrystallised from absolute alcohol melted at 123-25", 
indicating that as sitosterol acetate. Since the quantity of the acetate was small, further 
purification was not attempted. 


Ex PERIMENTAL 


Extraction of the Fat.—Powdered seeds (a total of 2.5 kg.) were extracted in portions 
of 500 g. with CCl, in a glass soxhlet for 24 hours. The extract was dried over anhydrous 
magnesium sulphate and filtered. On removal of the solvent completely 645 g. of a pale 
yellow fat was obtained. This was used as such in further experiments. 

Saponification of the Fat-—Fat (100 g.) was saponified by refluxing with EtOH- 
KOH (40 g. in 250 ec. of 95°/,) for 6 hours. Alcohol was distilled off. The soap was dissolved 
in a large volume of water containing about 2°/, alcohol to facilitate extraction, and extrac- 
ted thrice with ether to remove unsaponifiable matter. The aqueous solution on acidifica- 
tion with dilute sulphuric acid (10°/,) to Congo red paper, filtration and drying gave 89.5 g. 
of a pale red mixed fatty acid. This was used in the characterisation of the component 
acids. 

Characterisation of the Component Acids—The above mixed fatty acid (82 g.) (Mean 
M. W. 270.8 ; I.V. 44.8) was subjected to Twitchell’s lead salt separation using 65 g. of 
neutral lead acetate and 800 c.c, of ethyl alcohol and separated into 45.2 g. of solid (satura- 
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ted) and 36.8 g. of liquid (unsaturated) acids. The constants of the solid and liquid acids 
are shown in Table IV. 


Taste IV 
Acid. Nature. Total acid. M. W. bY. 
Solid Pale red 55.13% 278.2 4.2 
Liquid Red 44.87 272.6 90.8 


The solid and the liquid acids were separately converted into their methy! esters by 
refluxing with absolute methyl aleohol in presence of 4/. concentrated sulphuric acid. 
They were fractionated under reduced pressure, using a 14 inch indentured column. The 
fractionation data are shown in Tables V and VI. 


TABLE V 
Methyl esters of solid acids. 


Fraction. B. P. Weight Ref. index at 44°. Sapon. value I. V. (Wijs). 
Si up to 210°/16 mm. 1.89 g. 1.4320 197.2 0.58 
Su 210°—214° 3.94 1.4354 1920 031 
Sur 214°—216° .. 11.98 1.4360 189.7 3.20 
Siv 216°—218° ,, 9.36 1.4360 188.9 5.805 
Sv Residue (temp. falling) 3.96 1.4402" 186.9 4.80 


*Residue was slightly coloured. 


Taste VI 


Methyl esters of liquid acids. 


Fraction. B. P. Weight Ref. index at 27°. Sapon. value. I. V. (Wijs). 
Li up to 196°/14mm. 0.88 g. 1.4510 196.0 728 

Li 196°-198°/14mm. 1.64 1.4530 195.6 75.8 

Lyyy 198°-199°/14mm. 4.66 1.4540 194.0 98.0 

L'V 160°-162°/ 5mm. 3.67 1.4535 193.5 93.0 

Lv 162°-164°/ 5mm. 7.98 1.4540 194.2 89.6 

Lv1 Residue (temp. falling) 1.66 1.4850* 195.2 86.2 


*Residue was coloured. 


The presence of oleic and linoleic acids in the liquid acids was confirmed by bromi- 
nation by the method of Eibner and Muggenthaler (Lewkowitsch, “Chemical Technology 
of Oils, Fats and Waxes” VI Ed., Vol. I, p. 585) and oxidation according to Sullivan 
and Bailey (J. Amer. Chem. Soc, 1936, 58,73) of the liquid acids, when dihydroxy- 
stearic acid (m. p. 130-31"), tetrahydroxystearic acid (m. p. 165-66°), dibromostearic acid 
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(liquid) and tetrabromostearic acid (m. p. 113-14°), were obtained The stearic and palmi- 
tic acids were identified by mixed melting points, as also through their anilides (anilide of 
stearic acid, m. p. 92°, anilide of palmitic acid, m. p. 90°). The absence of any other 
saturated acid above stearic acid was confirmed by repeatedly crystallising the acid 
obtained from the fractions Srv and S,, when the melting point of the acid in each case 
did not rise above 69.5°. Also the absence of linolenic acid in the liquid acids was 
confirmed by oxidation and bromination of fractions Lt to Lv1, when no hexabromide or 
hexahydroxystearic acid was obtained. 


Reduction of Mixed Fatty Acids: Isolation of Stearic Acid.— The fat (10 g.) 
was saponified with alcoholic potash. Alcohol was distilled off and the soap dissolved 
in water (400 c.c.). To the sodium salt thus prepared was added 2.5 to3g. of Ni-Al 
alloy (60 mesh) in portions of 0.3g. over a period of 1 hour with vigorous stirring. 
It was then refluxed for 3 hours. The cooled reaction product was acidified to Congo 
red paper with 10% sulphuric acid and the liberated acid was twice recrystallised from 
alcohol and washed with petroleum ether (45°-65°) to remove traces of unreduced oleic 


acid, if any. One more recrystallisation from alcohol gave pure stearic acid (7.9 g., m.p. 
69.5°) in 80% yield. 

Characterisation of Component Glycerides : Potassium Permanganate Oxidation 
of the Neutral Fat.—-The neutral fat (21.6 g.) in anhydrous acetone (250 ¢.c.) was oxidised 
with potassium permanganate (70-80 g.). The ethereal solution of the acidic products of the 
oxidation was extracted four times with a 5% solution of potassium bicarbonate and 
washed with water. It was then extracted five times with 10% potassium carbonate 
solution and finally washed with water. It was dried over anhydrous magnesium sulphate 
and the ether completely removed, yielding 2.09 g. of trisaturated glyceride. The potas- 
sium carbonate extract and washings were acidified to Congo red paper and extracted with 
ether. The ether solution after drying and removal of the solvent yielded 9.83 g. of a 
residue with a saponification value of 309.6. A portion of this mixed azelaoglyceride was 
dissolved in ether, washed alternatively with 5% potassium bicarbonate solution and water, 
the extract and washings combined and once extracted with ether and the aqueous portion 
acidified with dilute sulphuric acid to Congo red paper and the liberated diazelaoglyceride 
taken in ether, dried and the ether removed. The residue obtained hada saponification 
value of 402.1, as against 404.0 calculated on the basis of the distribution of saturated acids. 


A second oxidation of 17.26 g. of the neutral fat yielded 1.64 g. of trisaturated and 
8.34 g. of mixed azelaoglycerides. 


DEPARTMENT OF ORGANIC CHEMISTRY, 
INDIAN INSTITUTE OF SCIENCE, Received October 27, 1953. 
BANGALORE-3. 
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CHEMISTRY OF ALIPHATIC THIOCARBAMIDES. PART IV. 
N: N-DIETHYLTHIOCARBAMIDE 


By R. H. SawasrRasupHYy AND Ranerr SincH 


Chemistry of N : N-diethylthiocarbamide has been investigated with respect to its formation and 
interaction with acids, alkalies, nitrous acid, silver nitrate, lead acetate, iodine, mercuric nitrate, acetic 
anhydride and benzyl chloride etc. 


In continuation of the earlier work (this Journal, 1953, 30, 499, 695 ; 1954, 31, 355) 
the present communication records an investigation of the general chemistry of N : N- 
diethy]thiocarbamide. 

The formation of this substance was reported first by Salkowski (Ber. 1893, 26, 
2497) by the isomerisation of diethylamine thiocyanate. Wallach obtained it by the con- 
densation of ammonia with diethyleyanamide (Ber., 1899, 32, 1872). A reinvestigation of 
these methods has shown that Wallach’s procedure is only of preparatory value. The 
isomeric change is a reversible process, the equilibrium being reached at about 4% conver- 
sion at 105°. The effect of substitution on isomerisation is evident from the following 
figures: phenylthiocarbamide, 90%; thiocarbamide, 25%; methylthiocarbamide, 22%; 
dimethylthiocarbamide, 14-16% and diethylthiocarbamide, 4%. 

Like the alkyl-substituted thiocarbamides but unlike the aryl-substituted derivatives 
(this Journal, 1935, 12, 635 et seq.), the N : N-diethylthiocarbamide is stable towards boil- 
ing solution of 5N-acids. It is decomposed far more easily by alkalies, normal and 
five normal solutions of which on an hour’s boiling give 29.7% and 48.86% diethylamine and 
19.5% and 43.35% H.S respectively. N:N-Diethylearbamide was obtained from the 
alkaline hydrolytic liquors on acidification and evaporation. This undoubtedly arises via 
the corresponding cyanamide which would be another product of decomposition along 
with H.S. 

In disagreement with the observations of Dixon (J. Chem. Soc. 1893, 63, 318; cf. 
Sahasrabudhey and Krall, this Journal, 1944, 21, 63) it is‘now found that like monoalky] 
and mono- and diaryl-thiocarbamides, the N : N-diethylthiocarbamide can also be desul- 
phurised by the usual reagents like alkaline lead acetate, cadmium sulphate and mercuric 
oxide. Only its reaction is comparatively slow with respect to thiocarbamide and 
methylthiocarbamide. A quantitative study is under progress and it appears that the 
ease of desulphurisation is in the same order as the isomerisation from amine thiocyanate : 
Ph.Thi.) Thi.) Me. Thi.) Meg. Thi.) Eto. Thi. 

Like other alkyl-substituted thiocarbamides, the N : N-diethylthiocarbamide also 
forms complexes with silver nitrate. The composition of these depends on the relative 
concentrations of the reactants, temperature and dilution. Following compounds or their 
mixtures are formed : (I) Thi. 2AgNOs; (II) Thi. AgNO; ; (III) 2 Thi. AgNOs ; (IV) 3Thi- 
AgNOs and also probably (V) 4Thi. AgNOs. 

By the action of bromine in an indifferent solvent like CHCls, benzene or CClg, it 
forms the ‘bromide’ of the corresponding oxidation product, the diethyl analogue of the 

supposed “formamidine disulphide” (this Journal, 1952, 29, 901 ; 1953, 30, 64). 

The reaction of nitrous acid with N:N -diethylthiocarbamide is very much along 

the same lines as with thiocarbamide and dimethylt hiocarbamide (Sahasrabudhey and Singh 
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ibid. 1952, 29, 636). In dilute acetic acid medium, the usual NH, - HNO, reaction 
takes place liberating nitrogen, whereas in dilute mineral acid, nitric oxide and “formamidine 
disulphide”, the oxidation product, are mainly. formed. { The latter reacts with a further 
quantity of nitrous acid to yield nitrogen indicating that the supposed disulphide has a 
-NHg group (this Journal, 1952, 29, 636). 

N : N-Diethylthiocarbamide like other thiocarbamides can be estimated titrimetrically 
by standard iodine and mercuric nitrate solutions (ibid. 1953, 30, 223). It reacts 
with acetyl chloride and benzyl] chloride forming the corresponding derivatives. 


ExPERIMENTAL 


Diethylcyanamide was prepared by treating equivalent quantities (0.5 g. moles) of 
bromocyanogen and diethylamine in ether at a low temperature (5°). After evaporatior. of 
the ether it was dissolved in alcohol containing 10% ammonia, and H,S was bubbled 
through for about 2 hours. Diethylthiocarbamide, thus formed after evaporating it to 
dryness on a water-bath, was decolorised by treating with animal charcoal, m.p. 102°. (Found: 
S, 24.3. Cale. S, 24.2 per cent). 

Isomerisation.—Weighed quantities of diethylamine thiocyanate and diethylthio- 
carbamide (0.2 g.) were taken in different test tubes and heated for varying time intervals 
in an oil-bath at 105°. The contents of the test tubes were estimated for diethylamine 
thiocyanate and diethylthiocarbamide by William’s method (J. Soc. Chem. Ind., 1939, 58, 
77m). The results are presented in Table I. 


TaBLe | 
Isomerisation of diethylamine thiocyanate to diethylthiocarbamide and 


vice versa at 105°. 
% Isomerisation. 


Expt. Ouration ‘ Mercuric nitrate titre value. Loss inthio- Apparent Corrected for 
No. of heating. Without desul- After desulphu- cyanate content. calc. on the loss calc. from 
phurisation. risation. initial conc. columns 3 & 4. 


Diethylamine thiocyanate -+ diethylthiocarbamide. 


1 0 hr. 17.20 c.c. _ eee coe ons 

2 1 17.10 17.00 c.c. 0.580 % 1.162 0.580 
3 2 17.20 16.85 0.000 2.035 2.055 
4 3 17.10 16.80 0.580 2.326 1.759 
5 4 17.00 16.70 1.162 «<-907 1.730 
6 5 17.10 16.50 0.580 4.070 3.500 
7 6 17.00 16.45 1.162 4.342 3.240 


Diethylthiocarbamide -+ diethylamine thiocyanate. 





1 O min. 15.00 — _ — baal 
2 10 15.00 0.425 0.00 2.83 2.83 
3 30 14.95 0.750 0.30 4.99 5.08 
4 60 14.95 1.80 0.30 12.00 1204 
5 75 14.90 2.30 0.60 15.33 15.40 
6 2 hr. 14.85 6.55 0,95 43.66 44,10 
7 3 14.80 8.60 1.30 57.33 58 10 
8 4 14.75 11.35 1.65 75.65 77.41 
~ 5 14.67 12.75 2.15 84.99 86 75 
10 6 14.65 13.92 230 82 95.00 
uu 7 14.50 13.80 2.30 Ls8 95.10 
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Hydrolysis.—Diethylthiocarbamide (1.32 g.) was refluxed for one hour with N and 
5N-NaOH solutions. The resulting gases were passed through traps containing 
standard acid solution. The hydrolysate was found to contain H,8 which was estimated 
iodimetrically. ‘The acid in the trap contained diethylamine which was estimated as usual. 
With N-NaOH the amine formed was 29.7% and HS, 19.5% and with 5N-NaOH, amine 
was 48.86% and HS, 43.35%. With N and 5 N-H,SO, the hydrolysis was imperceptible. 

Desulphurisation.—Diethylthiocarbamide (0.33 g.) was dissolved in water (150 c.c.), 
and 10% cadmium sulphate solution (15 c.c.) and 10% caustic soda solution (10 c.c.) were added. 
No desulphurisation occurred in 24 hours at 30°; it was complete, however, on boiling for 
one hour only. Thiocarbamide, methylthiocarbamide and as-dimethylthiocarbamide are 
desulphurisable comparatively with greater ease. Alkaline lead acetate and mercuric 
oxide are also effective in boiling solutions. 

Reaction with Silver Nitrate—Aqueous solutions of N:N-diethylthiocarbamide and 
silver nitrate of various concentrations were mixed at room temperature and at boiling 
point when the complexes separated. These were stable at ordinary temperatures in the 
absence of free nitric acid in the medium ; the presence of the latter, however, was necessary 
when the reactants were mixed in boiling solutions. No free acid was liberated during the 
reaction and silver nitrate molecules joined as such with the thiocarbamide molecule (cf. 
Ph. Thi. copper salt complexes, Sahasrabudhey and Krall, this Journal, 1942, 19, 343). The 
results are presented in Table II. 

Reaction with Nitrous Acid.—The reaction was investigated in Lunge’s nitrometer 
following the technique of Weruer and Krall (J. Chem. Soc., 1912, 101, 2180; this Journal, 
1935, 12, 640 ; 1937. 14, 478; 1938, 15, 217). Milligram molar quantities of diethylthio- 
carbamide (0.132 g.) and nitrous acid (using 1 or 2 ¢.c. of normal sodium nitrite solution for 
1:1 or 1:2 ratio respectively) were made to react in normal acetic or sulphuric acid media 
in a single or two stages. The results are recorded in Table III. 


Taste III tia 
Reactants. : Gas evolved — 
S.No. (Thi: HNO,). Medium. (N.T.P.), N,. oon. 0. 
1 1:1 N-H,SO, 22.90 c.c. 4.10 c.c. 10.34 c.c. 8.46 c.c. 
2 1:2 23.49 5.03 11.60 6.84 
3 1:3 ‘ 24.65 5.36 
4 1:1 N-Acetic acid 26.00 17.00 5.60 3.40 
5 1:2 = 18.18 6.10 7.60 4.40 


Oxidation Product and its Interaction with Nitrous Acid.—Equivalent quantities of 
diethylthiocarbamide and bromine, both in chloroform solution, were mixed. A yellow 
solid separated which, when left under a mixture of alcohol and ether, turned white. It 
was crystallised with rectified spirit containing a little hydrobromic acid, m.p. 154-55° 
(decomp.). [Found : Br, 36.2 EtpgN-C.(S) NH Br requires Br, 37.73 per cent]. Picrate, m.p. 116°. 
Like formamidine disulphide (this Journal, 1953, 30, 64) it liberates iodine from potassium 
iodide, and its behaviour with the latter reagent is exactly analogous under the influence 
of acid, dilution, KI concentration, etc. Its reaction with nitrous acid was investigated in 
9 
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a Lunge’s nitrometer(vide supra). In plain water 0.212 g.‘bromide’ and 0.069 g. NaNOz 
gave 23.2 c.c. gas (at N.T.P.) of which 13.98 c.c. were No, 7.5 ¢c, COS and 1.75 c.c., NO. 
No nitrogen is expected on the conventional disulphide structure of the oxidation product. 


Estimation.— M/10 solutions of double crystallised diethylthiocarbamide were used. 
The procedure and technique in both cases, viz. with (7) Hg(NO3)o and (é) iodine, were the 
same as adopted with other thiocarbamides (ibid, 1953, 30, 223). In the case ot 
iodine titrations, for every experiment 2 c.c. of dilute HySO,, 3 c.c. of starch solution, and 
enough water to make the bulk 20 c.c. were added to the thiocarbamide solution. In the 
case of mercuric nitrate, for every experiment 10 c.c. of M/10 thiocarbamide were taken 
and 2 c.c. of ferric alum indicator were added to it. Varying quantities of thiocyanate and 
water were added to see the effect of thiocyanate concentration and dilution. 


Taste IV 
Determination of diethylthiocarbamide. 
By iodine. By mercuric nitrate. 


. N/10- Hg (NO,). equivalent to 
S.No. M/10 Thi, N/10 Todime j) calc, mjlO0Thi. KCNS Water. Total KCNS. Thi. 
soln. sa ’ soln. soln. bulk. 


10.00 c.c. 3.36 c.c. 10.00 c.c. 10 c.c. l c.c. Oce Wee. 1 c.c. 9.90 c.c 
5.00 2.09 5.00 ’ Ps 37 50 és 10.00 
2.50 1.30 2.50 ie a 87 100 - 10.00 
1.25 0.77 1.25 0 22 9.95 
0.62 0.47 0.62 i im 28 50 10.00 

0.30 0.26 0.30 = ~ 78 100 

0.20 0.19 0.20 0 32 

50 

00 


0.10 0.10 0.10 e 0 18 
68 l 


Derivatives: (i) N-Acetyl derivative—N : N-Diethylthiocarbamide (1 g.) was heated 
for 15 minutes with acetic anhydride (2 c.c.) in the presence of ZnClg. The product was 
crystallised from alcohol, m.p. 152°. (Found: S, 18.31 ; N, 16.0. Cale. for EtgN.CS.NH.- 
COCH;: S, 18.39; N, 16.09 per cent). 


(ti) S-Benzyl derivative—Equivalent quantities of diethylthiocarbamide and 
benzyl chloride were slightly warmed in dilute alcohol. When left ona watch glass, 
massive plate like crystals separated, m.p. 149°. Crystals from a mixture of chloroform 
and benzene melted at 138°. The two melting points indicate probably dimorphism as is 
common with thiourea benzyl derivatives (Dixon and Taylor, J. Chem. Soc., 1917, 111, 684) 

Sincere thanks of the authors are due to Principal S.8. Joshi for his kind interest 
and the facilities. 
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INTERFACIAL TENSION OF LIQUIDS HAVING H-BOND RING 
STRUCTURE AND COMPLEX FORMATION. SYSTEM LiNO;-Pb (NOs3)e-H2O 
By Hemuiata J. Kazi anp C. M. Desar 


The interfacial tension values of n-butyl acetate have been determined against the system LiNOs- 
Pb(NO;)e-H,O. The interfacial tension-concentration curves indicate two peaks corresponding to the 
complexes Pb (NO ), 2 LiNO, and Pb (NO ),-LiNO, with comparatively high order of salt concen- 
trations, and with lower order concentrations, three peaks corresponding to the complexes : Pb (NOs)¢. 
4 LiNOs ; Pb(NO3) 9-2 LiNO, and Pb(NOs)¢-LiNOs. 


The work of Nayar and Pande (this Journal, '951, 28, 107) on complex formation 
indicates formation of three complexes in the lead nitrate and potassium, ammonium and 
rubidium nitrate systems. They heve also stated that there is no indication of complex 
formation in the lithium and sodium nitrate systems with lead nitrate. Their transport 
number results, however, indicate that the percentage change in transport number of 
Pb-ion in presence of LiNOs is of the order 2.69-6.87, while in presence of sodium nitrate, 
it is to the extent of 6.4-18.6, showing slight complex formation tendency, no stoichiomet- 
ric relations having been observed. 


The interfacial tension measurements with butyl acetate against the system NaNOs- 
Pb (NO3).-H2O (Kazi and Desai, ibid., 1953, 30,291) have indicated the formation of 
three complexes in a manner analogous to other alkali nitrate systems. 

These measurements using -buty] acetate were therefore further extended to the 
systems LiNO 3-Pb (NO3)2-H2O to study the complexity of the solution. It has been 
observed that the complexity of the solution changes with variation in salt concentration 
and so the measurements have been carried out starting with five different concentrations. 

EXPERIMENTAL 


The salts used were of Schering—Kahlbaum and E. Merck quality. A number of 


solutions was prepared by the method of monovariation from each pair of stock solutions 
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for interfacial tension measurements against m-buty] acetate. The details as regards the 
composition of the mixed solutions and the corresponding interfacial tension values are 
expressed in Figs. 1 and 2, 


DiscussION 


An examination of various curves indicates that the number of complexes changes 
from two to three on dilution of the mixed solutions. Within the range starting with stock 
solution M/30 to M/300 two peaks corresponding to two complexes : Pb(NOs) . 2 LiNO,; 
and Pb (NOs3)2. LiNOs are only evident at 20 and 40 c.c of lead nitrate solution in the 
curves, while with the stock solutions M/600 to M/1200, three peaks corresponding to three 
complexes : Ph(NOs) 9. 4 LiINOs; Pb‘(NOsg)o. 2LiNOs and Pb(NOs)o.LiNOs appear at 
10, 20 and 40 c.c. of lead nitrate solution in the curves. For M/600 and M/1200 concen- 
tration, the part of the curve at 30 c.c. of lead nitrate solution is noteworthy, perhaps 
indicating a slight tendency for the formation of a complex. Thus, the alkali metals show 
the tendency of forming three complexes :(1) 4 MNO3. Pb (NOs)¢ ; (2) 2MNOs. Pb(NOs3) 
and (3) MNOs. Pb (NO;)., where M stands for K, NH,, Naor Li. But the ease of this ten- 
dency is conditioned by the order of alkali metals in the Periodic Table increasing with 
atomic volume. It appears that in polar solvents like water, high solvation effects at great 
dilution often permit existence of highly charged ions. Itis also noteworthy that the 
concentration effects of the salts largely determine the complexity of the mixed 
solution. 


As the system consisted of two components, lead nitrate and lithium nitrate, a differential 
method was employed by means of individual measurements of interfacial tensions of each 
component under identical conditions of concentrations. The sum ofthe values of the 
two components gives linear relationship with change in’ concentration of the variant. It 
has been observed that the sum of the values of each component goes on decreasing with 
increase in concentration of the variant. When, however, the difference between the 
measured interfacial tension values of the mixed solutions and the sum of the values of 
each component in the corresponding system are plotted against the concentration of the 
variant, the linear relationship is not observed. If (a) represents the measured value and 
(b), the sum of the values of each component, then, when (2-0) is plotted against the concen- 
tration, the curve indicates three peaks corresponding to concentrations giving three 
molecular complexes (series : M/600 each): (a) Pb(NOs3)o. LiNOs, (6) Pb (NO3)2. 2 LiNOs, 
(c) Pb (NO3;)o. 4 LiNOs. If, however, (b-a)is plotted against the concentration of the 
variant, LiNOs, the curve indicates three kinks corresponding to such concentrations 
(Fig. 3). For the series (M/30 each), when, however, (b-a) is plotted against the concen- 
tration of the variant, Pb (NO3)., the curve indicates two kinks corresponding to con- 
centrations giving two molecular complexes, viz, (a) Pb(NOs)e. LiNOs and Pb (NOs),. 
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2 LiNOs (Fig. 4). Thus the differential method lends evidence in support of the findings 
by the method of monovariation. 


Fie. 3 Fie. 4 
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Further, the interfacial tension measurements with other H-bonding liquids, such 
as isoamyl acetate and octyl] alcohol also reveal the formation of maximum three complexes 
of the similar molecular composition as stated above between two salts. 

The authors express their gratitude to the College Authority for facilities and expenses 
incurred in the work. 


CHEMISTRY DEPARTMENT, — 
M. T. B. CoLtece, Surat. Received December 11, . 
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INTERFACIAL TENSION OF LIQUIDS HAVING H-BOND RING 
STRUCTURE AND AUTO-COMPLEX FORMATION IN AQUEOUS 
CADMIUM IODIDE 


By Hemuiata J. Kazi anp C. M. Desai 


The interfacial tension values of a numher of alcohols and esters have been determined against 
aqueous cadmium iodide. The interfacial tension-concentration curves indicate two peaks with one class 
of liquids, and with the other class, the tension slowly decreases with increase in salt concentration. 


The interfacial tension measurements of a number of liquids against varying concen- 
trations of cadmium iodide solution in water have been carried out b) the drop number 
method (this Journal, 1953, 30, 209). The liquids selected are: m-butyl, dsoamyl, 
n-hexyl and sec.-octyl alcohols, methy], ethyl, n-propyl, n-butyl and isoamy] acetates, methy! 
and ethyl salicylates and hexane. The results are shown in Figs. 1 and 2. 


It is evident from the results and interfacial tension—concentration curves that two 
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peaks appear in the case of liquids-Type I, viz. 
hexyl and sec.-octyl alcohols, ethyl, n-propyl, 
n-butyl and isoamy! acetates, while no such 
peak is observed with liquids-Type II, viz. 
n-buty] and isoamyl alcohols, methyl 
acetate, methyl and _ ethyl salicylates and 


hexane. 


The variations in the interfacial ten- 
sion values with increasing concentration 
of cadmium iodide in water are explained 
on the basis of the reversal of electrical 
double layer at the interface and sensitivity 
of H-bond structure. The unstable H-bond 
ring structure of liquids of Type I is considered 
to be susceptible to the reversal of elec- 
trical double layer. Methyl or ethyl sali- 
cylate has comparatively stable H-bond, 
because the distance, through which it operates, 
is small (Huggins, J. Org. Chem., 1936, 1, 407). 
It is only the unstable nature of H-bond 
that is sensitive to such a reversal (this 
Journal, 1953, 30, 283). 
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For dilute solutions of cadmium iodide, when the concentration increase is of lower 
order, the first peak indicates the reversal’of double layer during the course of first stage 
ionisation. At higher concentrations of the salt, however, the auto-complex formation 
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(Hittorf, Ann. Physik, 1859, 106, 513; Jahn, Z. physikal. Chem., 1901, 37, 673) takes 
place and so rearrangement in ionic atmosphere is necessitated thus : 


2 CdI,—> 2 Cd?* +4 I- —> Cd**+CadlI,”. 


This effect leads to a different type of preferential adsorption of ionic layer at the interface 
and thereby brings up entirely a new set up of electrical double layer having its own 
potential, indicating a second peak, at which reversal of double layer again takes place. 
It therefore appears that the unstable H-bond ring structure acts asa _ sensitive indicator 
of any change in ionisation character of an electrolyte. In case of liquids of Type II, having 
no such unstable ring structure, interfacial tension merely goes on decreasing with increase 
in salt concentration. 


The authors express their gratitude to the College Authority for facilities and 
expenses incurred in the work. 
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INTERFACIAL TENSION AND COMPLEX FORMATION. 
SYSTEM HgBre-KBr-—H,O 


By Hemiata J. Kazi anp C. M. Desar 


With dilution of the mixed solution of potassium and mercuric bromides in water, the number of 
molecular compounds between these salts has been found to increase from three to six to seven. 


In a previous work it has been shown that the number of complex compounds in 
solution varies from three to six to seven,as the composition of the mixed solution is 
changed to decreasing concentration of salts in the mixed solution in mercuric chloride 
and alkali chloride systems (Kazi and Desai, this Journal, 1953,30, 287). In this paper 
the results obtained with the system HgBr2-KBr-H,20O are reported. 


A number of workers (Abegg, Z. Elektrochem, 1902,8, 689; 1903, 9, 550; Nande, 
Z. physikal. Chem., 1927, 125, 98 ; Pernot, Compt. rend., 1927, 185, 950 ; Ann. chim., 1931, 
a, 15,5; Dunningham, Proc. Chem. Soc. 1914, 30, 8) have claimed the formation of complex 
anions, viz. HgCl3, HgBrs or Hgl3. 

Job (Ann. chim., 1928, 9, 113) has claimed the presence of KgHgBr, in the . mixed 
solutions of potassium bromide and mercuric bromide. Sherrill (Z. physikal. Chem, 1903, 
43, (27) indicated the existence of KHgBrs and K,HgBr, giving even data on ionisation 
constants for these salts. 

By means of measurements of solubility of mercuric bromide in potassium bromide 
Garrett (J. Amer. Chem. Soc., 1939, 61, 2744) has shown the existence of complex anions 
HgBr3 and very small amounts (if any) of HgBrg~. The solubility of mercuric bromide in 
potassium bromide solution is attributed to several or all of the following reactions : 

HgBrz (solid) = HgBrg (solution) (1) 
HgBro+Br° = HgBrs (2) 
HgBrg+2 Br- =HgBr,?~ (3) 


ExPERIMENTAL 


Three series of mixed solutions were prepared by the method of monovariation. The 
details as regards the compositions of the mixed solutions and the corresponding interfacial 
tension values of ”-buty] acetate are indicated in Fie. 1. 
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DIscUSSION 


It is evident that there are seven peaks corresponding to 6,8,12,16,24, 36 and 48 c.c. 
of HgBr.z solution, when its concentration is systematically varied, keeping that of 
KBr constant (24 ¢.c., M/80) in series (I). The stoichiometric relations are maintained and 
molecular ratios between two salts at’these peaks correspond to the formation of compounds 
of molecular formulae (a) 4K Br. HgBro, (b) 3 KBr. HgBre, (c) 2K Br. HgBre (d) 3 KBr. 
2 HgBre (e) KBr. HgBre (f) 2 KBr. 3HgBre, (g) KBr. 2HgBrg (Curr. Sci. 1953, 22, 15). 

The complex (6) 3 KBr. HgBr disappears in case of series (II) and complexes (c) 
2 KBr. HgBre (e) KBr. HgBrg and (g) KBr.2 HgBr- only appear in the series (III). 
Thus, the range of salt concentrations in mixed solutions is a fundamental factor affecting 
the degree of complex formation. The formation of greater number of complexes is 
facilitated at comparatively low concentrations. 

The formation of these complexes corresponds to the equilibrium sequence : 

~K, (HgBre) — K»(HgBr,)~ 
K, (HgBr.)=f* (HgBr4)* Ke (HgBr,) - K (HgBrs)~ 
. K,(HgBr4) — K (HgBrs) 
K (HgBr;) -9 HgBr _ HgBre 
due to variations in electrolyte concentrations, as in the case of HgCle- KC1 system 
(loc. cit.). 
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[INTERFACIAL TENSION AND COMPLEXyFORMATION. 
SYSTEM HgBre-NH4Br-H2,O 


By Hemuata.J. Kazt anp C. M. Desar 

The number of complexes formed between ammonium and mercuric bromides in mixed solutions has 

been found to change from seven to six to three with increase in salt concentrations. 
The existence of three, six and seven complexes in solution has been indicated in the 

mercuric and potassium bromides system by means of interfacial tension measurements of 
n-butyl acetate, as the composition of the mixed solution is varied from higher to lower 
concentration range of the salts. In this paper, the results obtained with mercuric and 
ammonium bromide system are given. 


ExPERIMENTAL 


Three series of mixed solutions were prepared by the monovariation method and the | 
details as regards the composition of the mixed solutions and the corresponding interfacial ' 
tension values of 7-butyl acetate are indicated in Fig. 1. 











Fig. 1 
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The results are parallel to those obtained with the potassium bromide system, as 
regards the number of complexes, their molecular formulae and range of salt concentrations. 
They are a,b,c,d,e,f,g (I) a,c,d,e,f,g (II) and ¢,e,g (III), as indicated in Fig. 1. 
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A NOTE ON THE OXIDATION OF HYDRAZINE BY ALKALINE 
FERRICYANIDE 







By G. 8. DesHwukn ann B. Susnrera Bar 


The quantitative oxidation of hydrazine to nitrogen by alkaline ferricyanide was first 

studied gasometrically by Ray and Sen (Z anorg. Chem., 1912, 76, 38'). The reaction 
proceeds as follows : 

NoH, + 4K3Fe/CN), + 4KOH — No + 4K,Fel(CN), + 4H2O es () 

Unlike many other oxidation reactions of hydrazine, the above change was found 

to take place without the formation of NH3. Ina modified procedure Cuy and Bray (J. 

Amer. Chem. Soc., 1924, 46, 1786) determined hydrazine by titrating back the excess ferri- 

evanide iodimetrically against standard thiosulphate. According to Benrath and Ruland 

(Z. anorg. Chem., 1920, 114, 226) hydrazine is oxidised by ceric sulphate quantita- 


tively, 









2Ce(SO4)o + Neo, —_ Ne + (NH4)oSO,4 + Ce.(SO4)s. 
Lang (“Newer Methods of Volumetric Analysis”, Van Nostrand Co., 1938, pp. 27-52) deter- 
mined hydrazine and hydrazoic acid together by adding an excess of standard ceric 
sulphate followed by an excess of arsenious oxide, and completing the titration with 
ceric sulphate. Dernbach and Mehlig (Ind. Eng. Chem., Anal. Ed., 1942, 14, 58) developed 
a simple method for the estimation of hydrazine by oxidising it with alkaline ferricyanide 
and titrating the ferrocyanide formed against standard ceric sulphate. 

Since results for the iodimetric determination ‘of ferricyanide by arsenious oxide 
check very closely with those obtained by the thiosulphate method (Deshmukh and Sant, 
this Journal, 1952, 29, 543), a reinvestigation of the Cuy-Bray procedure was undertaken 
with a view'to studying the possibility of using AsgOs as a direct primary standard for the 
estimation of hydrazine. 

Analar hydrazine sulphate was used to prepare solutions of varying concentrations, 
the NoH, content being checked by the classical iodate method. The standard 0.1N 
arsenious oxide solution contained 4.946 g. of Merck’s guaranteed pure reagent in a litre. 
The potassium ferricyanide solution was standardised iodimetrically by thiosulphate and 
arsenious oxide (Deshmukh and Sant, loc. cit.). The borax-boric acid buffer was prepared 
as suggested by Chapin (J. Amer. Chem. Soc., 1919, 41, 351). A blank titration of 20 ml. 
of this solution against 2N-HC] was carried out to the phenolphthalein end-point. 


To an aliquot portion of hydrazine sulphate solution varying amounts of excess 
ferricyanide were added, followed by 10 ml. of 5% NaOH. This solution was swirled 
gently and allowed to stand for a few minutes till the effervescence had ceased, indicating the 
completion of the oxidation reaction. The alkali was now neutralised carefully by 2N- 
HCl, the equivalent amount being determined previously by actual titration. The solution 
was acidified with an excess of 2 ml. of the acid ; 10 ml. of 10% KI was then introduced 
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followed by a solution of 2 g. of zinc sulphate in 20 ml. of water. The borax-boric acid 
buffer equivalent to 2 ml. of 2N-HC] was run in and a further excess of 20-25 ml. was 
added to raise the pu initially to about 9 and maintain it within the range 4-9 during the 
titration. The contents were diluted to 200-250 ml. and the liberated iodine was deter- 
mined by standard arsenious oxide using starch towards the end. 

The difference in the amount of KsFe(CN)g¢ added initially and that left over unch- 
anged serves as a direct measure of the quantity utilised in the oxidation of hydrazine. 
From this the weight of NaH, is calculated ‘according to eq. (i) ; alternatively in terms of 
arsenious oxide; 1 ml. of 0.1.N-AsgOs3=0.003249 g. of NoH4.HoSO,4. A representative 
set of results is shown in Table I. 


Taste I! 
Hydrazine sul- Ferricyanide added. Hydrazine sulphate. 
Expt. No. phate (iodate (AsO; method). Difference. 
method) 
1 0.04338 g. 0.59305 g. 0.04336 g. - 0.00002 
0.7907 0.04334 — 0.00004 
0.9884 0.04330 — 0.00008 
2 0.08676 1.1861 0.08676 _ 
1.5814 0.08724 - 0.00048 
3 0.13014 1.7791 0.1295 — 0.0006 
1.9768 0.1306 + 0.00046 
2.37216 0.1310 + 0.00086 
4 0.17352 1.9768 0.1729 - 0.00062 
2.1745 0.1734 - 0.00012 
3.1629 0.1740 + 0.00048 
5 0.2169 2.5698 0.2168 — 0.0001 


Tt is seen that compared with Dernbach and Mehlig’s method, the present procedure 
is applicable over a wider range of concentrations of NgH, and ferricyanide. This is 
possible because with larger proportions of KsFe(CN), the difficulty of detecting the end- 
point in the ferrocyanide-ceric sulphate titrations is not inherent in the above process. 
Furthermore, the chief advantage of the method is the use of arsenious oxide as a primary 
standard for the estimation of hydrazine. 


Sincere thanks of the authors are due to Professor S. 8. Joshi, for facilities and 
kind interest in the work. 


CHEMICAL LABORATORIES, 
BANARAS Hinpu UNIVERSITY. Received January 18, 1954. 
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A NOTE ON THE DIRECT ESTIMATION OF ARSENIOUS AND ANTIMONIOUS 
OXIDES BY STANDARD POTASSIUM DICHROMATE 
By SANKARANARAYANA GIREESAN AND Arcot VisvaNATHAN 


Sodium arsenite solution or a solution of antimonious oxide in tartrate medium is run 
directly into an acidified mixture of potassium iodide and standard dichromate so that 
most of the liberated iodine is consumed without reaching the end-point. The solution 
is now largely diluted, and then a sufficient quantity of a mixture of sodium bicarbonate 
and Rochelle salt is added. The small amount of iodine still left in the solution, alkaline 
with bicarbonate, is now reduced to the end-point by the arsenic or antimony solution with 
starch as an indicator. 

N/10 solutions of standard potassium dichromate (A.R.) and standard arsenious oxide 
(B.D.H., A.R.) (Eq. wt.=formula wt/4) were prepared in the customary way, the latter 
containing a minimum excess of sodium bicarbonate. Standard N/10 solutions of anhydrous 
tartar emetic, K.SbO.C,H4O, (B.D.H., A.R. Eq. wt.= formula wt./2) were prepared containing 
40 c.c. of 40% Rochelle salt per litre. Saturated 10% solution of sodium bicarbonate, rendered 
free of carbonate, saturated Rochelle salt solution, dilute sulphuric acid (2N) and 10% 
solution of potassium iodide and 1% solution of soluble, freshly prepared starch were 
employed. 

Standard dichromate (25 c.c.) was pipetted out into a 500 _c.c. conical-flask 
and 10 c.c. each of the potassium iodide and the dilute sulphuric acid were added. 
After a minute, the solution was diluted with 150 c.c. of distilled water and} then a* mixture 
of 40 c.c. of the bicarbonate and 5 c.c. of the Rochelle salt solutions was added. The_arsenic 
or antimony solution was then run in from the burette using 5 c.c. of starch solution towards 
the end-point which was a transition from blue to pale green. This-gave a rough end-point. 
In the subsequent titrations, the procedure was slightly modified. 

The burette solution was run directly into the acidified mixture ofjthe:dichromate and 
the iodide until the volume run out was slightly (about 0.5 .c.) less than the previous 
titre. At this stage the solution was diluted as before! and the bicarbonate-Rochelle salt 
mixture was added. To the iodine, still present fin the green solution formed, starch2was 
added and the titration was finished dropwise. Concordant values were obtained. Several 
solutions, each of arsenic and antimony, were thus estimated with+satisfactory results. 
Representative values are reproduced below: 25 c.c. of the 0.102N-KyCroO7 were 
taken for each titration. 


Arsenite soln. Titre value. Aresenite (wt. per litre) % Deviation. 
Found. Taken. 


A 24.1 c.c. 5.24 g. 5.280 g. ~ 0.77% 
B 23.1 c.c. 5.462 5.482 - 0.36% 


Wt./ litre of tartar Titre value Wt./litre of Sb in tartar emetic. 
emetic soln. of Sb soln. Found. Taken. 


A (16.8816 g. ) 24.4 6.363 6.328 
B (16.4610 g. ) 25.2 6.162 6.170 
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The deviations from the correct values are distinctly less than 1%. 


Preliminary experiments showed that the addition of bicarbonate to the acidified 
mixture of potassium dichromate and iodide precipitated colloidal chromium hydroxide 
which used up some of the free iodine. In the procedure described, this interference is 
practically eliminated by initially removing most but not all of the iodine in acid medium 
by the burette solution and further reducing its concentration by large dilution before 
adding the bicarbonate. The presence of Rochelle salt sequestered most of the Cr*~ into 
a soluble complex, rendering the visual end-point easily noticeable. 


The authors are thankful to the Principal of the Institution, Mr. A. N. Parasuram for 
his active encouragement and for facilities provided. 


CHEMICAL LABORATORIES, 
THE MINERVA TUTORIAL COLLEGE, Received May 14, 1953. 
EeamMoreE, Mapras-7. 
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A NOTE ON THE STRUCTRUE OF PALLADIUM DIAMIDOXIME COMPLEX 
By P. R. Das Gupta 


The palladium complex of oxalenediamidoxime has been found by the author to be a 
dichelate, represented by the formula (I) which shows the cis-configuration. 


O O 


™ C.NH2 
(I) OH 


It has not been possible to isolate the corresponding ¢rans-modification of the palladium 
oxalenediamidoxime complex although the two forms of benzylmethylglyoxime complex of 
palladium (4, pale yellow, m. p. 175° and £, dark yellow, m.p. 207°) have been isolated (Dawyer 
and Mellor, J. Amer. Chem. Soc., 1935, 57, 605). It is interesting to note that the 
nickel oxalenediamidoxime complex has been reported to have a trans-configuration 
(Chatterjee, this Journal, 1941, 18, 19). 

The cis-configuration of the complex follows from the fact that it gives readily 
diethyl iodide and dimethyl sulphate derivatives corresponding to the dimethoiodide and 
dimethyl sulphate derivatives of nickel dimethylglyoxime complex (Barker, Chem. 
News, 1925, 130, 99). These are represented by formulae (II) and (III) respectively 
in which the auxiliary linkings through nitrogen (Pfeiffer, Ber, 1930, 63, 1811) 
appear to occupy the cis-positions. This structure, however, requires the 
assumption of a total of 12 electrons around the nitrogen atoms in place of 8, in order to 
form the diethyl iodide and dimethy] sulphate derivatives. Further work is in progress to 
clarify these points. 


dé 


. 


rs \ | 
H2N.C.N—OH OH—N:C.NHe C: \N : C. NHe 

“N fs e “~N 

Et I (I) I Et (IIT) SOq Me 


An alternative possibility of methylation at the amino group is ruled out since direct 
methylation of oxalenediamidoxime is not possible (Tiemann, Ber., 1889, 22, 2943, 2955). 
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Palladium bis-oxalenediamidoxime diethyl iodide was prepared by heating 
under reflux palladium oxalenediamidoxime (1 mol.) and ethy! iodide (2 mols.) in ethanol for 
two hours, when the pale yellow suspension went into solution which was filtered and the 
filtrate evaporated to dryness in vacuum to obtain a dark crystalline compound. The 
crystals were washed several times with carbon disulphide and then with ether and finall y 
dried in air. The compound decomposed slowly on keeping, giving indifferent analytical 
results. [Found : Pd, 17.28; I, 36.77. -Pd (C,H;OgN4)o. 2C2HsI requires Pd, 16.34; I, 
38.84 per cent]. 


Palladium bis-oxalenediamidorime dimethyl sulphate was prepared by rerun 
palladium oxalenediamidoxime (1 mol.) and dimethy] sulphate (1 mol.) in ethanol for 2 ath 
when the palladium complex went into a transparent greenish yellow solution which a 
concentrated in vacuum, and then the sulphate was precipitated by diluting the solution - 3 
a large excess of isoamyl alcohol. The precipitate was filtered and washed with ether nl , 
dried. [Found : Pd, 22.86 ; SO4, 20.71. Pd(CeHsOzN4)o. (CHs)2804 requires Pd, 22.86 ; 
SOx, 20.57 per cent]. 

The author is indebted to Dr. Ramgopal Chatterjee for his unstinted ge 
constant guidance throughout the course of the work, and Professor P.C. Rakshit, Hea 
of the Dept. of Chemistry, for laboratory facilities. 
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A NOTE ON CHLORAMINE-B AS A VOLUMETRIC REAGENT 


































ng 
or By Apar SincH 
he 
ae Chloramine-B is the sodium salt of N-chlorobenzenesulphonamide and has the 
formula CgH;SO,N(Na)Cl, 3H2O (M.W. 267.5). Its high equivalent weight, ready 
ly solubility in water and moderate stability are worthy of note and recommend it asa 
al volumetric oxidising agent. The aqueous solution reacts as if it were a hypochlorite and 
L has the advantage that it is far more stable than sodium hypochlorite. 
Na 
CoHs802NC +H,O —> C.H;SO,NH, + NaOCl 

ig 
8, B. N. Afana’s eve (Sverdlocsk. Agr. Inst Zav. Odskaya Lab., 1950, 16, 1011) has 
s reported that Chloramine-B is a good substitute for Chloramine-T in analytical chemistry, 
h In the preseng investigation arsenious oxide, tartar emetic, potassium sulphocyanide. 
d hydrazine sulphate, stannous chloride, ferrous sulphate, mercurous chloride and _ thallous 


chloride were pre-oxidised with iodine monochloride and the liberated iodine was oxidised 
, with standard Chloramine-B to iodine monochloride, iodine cyanide, and iodine mono- 
bromide, in the presence of excess of concentrated hydrochloric acid, hydrocyanic acid and 
a saturated solution of potassium bromide respectively. In the following table, the 
iodine monochloride procedure will be referred to as method A, the iodine cyanide 
d procedure as B and iodine bromide procedure as C. Method B is not applicable in the 

case of mercurous chloride and thallous chloride because of the failure of the iodine- 
starch reaction. 











Tasie I 
Arsenious oxide. Tartar emetic 
3 Taken Found Taken. Found 
A. B. C. A. B. od 
0.0495 g. 0.0494 g. 0.0493 g. 0.0498 g. 0.1669 g. 0.1683 g. 0.1688 g. 0.1688 g 
0.0643 0.0643 0 0643 0.0643 0.2837 0.2870 0.2853 0.2853 
0.0841 0.0846 0.0846 0.08 46 0.3504 0.3528 0.3528 0.3528 
0.1039 0.1033 0.1044 0.1044 0.3839 0.3848 0.3848 0.3865 
Potassium sulphocyanide. Hydrazine sulphate. 
0.0162 0.0161 0.0162 0.0162 0.0320 0.0324 0-032] 0.0321 
0.0210 0.0211 0.0211 0.0210 0.0416 0.0416 0-0416 0.0419 
0.0275 0.0276 0.0275 0.0277 0.0544 0.0546 0.0549 0.0549 
0.03 10 0.0340 0.0340 0.0341 0.0672 0.0672 0.0676 0.0676 
Stannous chloride. Ferrous sulphate. 
0.1098 0.1078 0.1090 0.1090 0.2780 0.2780 0.2780 0.2807 
0.1866 0.1849 0.1860 0.1860 0.3614 0.3600 0.3614 0.3614 
0.2018 0.2015 0.2014 0.2015 0.4879 0.4879 0.4893 0.4907 
Mercurous chloride. Thallous chloride. 

0.3034 0.3024 — 0.3045 0.1260 0.1259 dae 0.1265 
0.3232 0.3227 - 0.3227 0.3030 0.3048 iin 0.3053 
0.4199 0.4196 Be 0.4201 0.3290 0.3286 ain 0.3298 
CHEMISTRY DEPARTMENT, 
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A NOTE ON CHLORAMINE-B AS A VOLUMETRIC REAGENT. 
VOLUMETRIC ESTIMATIONS OF DIFFICULTLY 
SOLUBLE IODIDES 


By Apar Sineu 


Jones (Pharm. J., 1927, 118, 723), Brockman (Am. J. Pharm., 1929, 101, 596) and 
Kolthoff (Z. anal. Chem., 1921, 60, 403) have reported the volumetric determination of 
iodides by titration with standard potassium iodate solution in the presence of hydrochloric 
acid. The present communication deals with the determination of Pbl, AgI and Hgl, 
with Chloramine-B. 

In the presence of hydrochloric acid, Chloramine-B liberates iodine from iodide 
which is further oxidised in the presence of KCN to iodine cyanide. The end of the 
titration is reached through this reaction, completion of which is shown in the presence of 
a suitable indicator (starch) by the disappearance of blue colour. 

Lead iodide (up to 0.4 g.) was dissolved in a small amount of NaOH, treated with 
5 cc. of IC], 20 cc. of 1.1N-HCl and titrated against standard Chloramine-B solution 
in the presence of 8-10 c.c. of 0.5 M-KCN and starch solution. 

Silver iodide (upto 04g.) was dissolved in 10 cc. of 0.5 M-KCN solution and 
reduced at the boiling point with iron-free zinc in the presence of a little base. When 
the reaction was complete, the suspension was filtered and the precipitate washed with 
water and HCl (dilute) and titrated as before. 

Silver iodide was also determined by dissolving a known weight in the smallest 
possible amount of KCN solution. It was strongly acidified with HCl and titrated with 
Chloramine-B slowly with constant shaking in the presence of 5 c.c. of chloroform til] 
the disappearance of violet colour from the chloroform layer. Towards the end of the 
titration about 75% HCl (conc.) should be present to keep the silver salt in solution. 

Mercuric iodide (up to 04g.) was dissolved in 100 c.c. of 1:1 HCl and titrated with 
Chloramine-B in the presence of chloroform layer as before. 

The results obtained were compared with the periodate method of B. Singh and 
A, Singh (this Journal, 1953, 30, 143). 


TABLE [ 


Amount found by Amount taken. Amount found by 
Amount taken. Periodate. Chloramine-B. Periodate. Chloramine-B, 


Lead Iodide. Mercuric iodide. 
0.1800 g. 0 1802 g. 0.1802 g. 0.1486 g. 0.1489 g. 0.1485 ¢. 
0 2004 0.2006 0 2006 0 2004 0.2006 0.2002 
0.2994 0.3009 0.3020 0.1772 0.1772 0.1772 
0.2270 0.2281 0.2280 


Silver iodide. Silver iodide. 


0.1800 0.1303 0.1830 0.1830 
0.2018 0.2033 0.1448 0.1444 
0.2179 0.2180 0.2006 0.2009 
0.2518 0.2520 
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EVALUATION OF TRUE ZETA POTENTIAL OF THE PARTICLES OF 
CELLULOSE AND GELATIN FORMING DIAPHRAGMS 


By B. N. GuosH AND S. GHOSH 


It has been shown from the data on streaming potential measurements of Rabinov and 
Heymann and of Briggs, thatthe true zeta potential of hydrogen cellulose and quantitative filter 
papers S and S can be evaluated by using equation (2), 


¢/{. = ‘ += (Kp-S) 
S 
derived by Ghosh and Ghosh and co-workers on the basis of surface conductivity correction. 


The true zeta potential of gelatin particles forming a gel at pu 3,50can also be evaluated with the 
help of equation (3), 


¢/<. = {r+ Kym 


which is deduced directly from equation (2). 

In the above equation ¢, represents the electr kinetic potential calculated from Smoluchowski's 
equation, ¢, the true zeta p tential, 2, a correction factor greater than unity, S, the specific conductivity 
in bulk of the water or solution used, aud Kp, its specific conductivity inside the diaphragm. In 
equation (3), m is proportional to the concentration of gelatin used, and K and y are constants under 


the experimental conditions. 


It has been shown by Ghosh (this Journal, 1954, 31, 273) that the true zeta potential 
of the particles of glass forming a diaphragm can be calculated from the equation: 
q2X, 
RS 
where {, represents the potential calculated from the Smoluchowski equation, x,, the 
experimentally determined value of the specific surface conductivity and is found from 


/Se = 7 (1) 


the expression 


where S is the specific conductivity of the liquid in bulk and Kp, its specific conductivity 
inside the pores of the diaphragm, R, the radius of the equivalent capillary tube found 
experimentally (Overbeek and Whijga, Rec. trav. chim., 1946, 68, 556) and « isa 
correction factor having a value greater than unity for a diaphragm, but for a capillary 
tube with perfectly smooth wall, it is equal to unity. 

Substituting the value of x, mentioned above in equation (1), we have 


it. = {1 + 2(K,- 5) } a ” we 


~ 


It may be mentioned that equation (2) can also be deduced, by starting from 
equation (7) derived by Ghosh, Rakshit and Chattoraj (this Journal, 1953, 30, 601) 
from equation (13) of Overbeek and Wijga (loc. cit.) and following the same line of 
arguments as has been advanced in a previous paper (Ghosh, this Journal, 1954, 31, 393). 
In this communication it will be shown how the true ¢-potential of cellulose fibres and 
gelatin particles constituting diaphragms can be evaluated from equation (2). 
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Calculation and Arrangement of Data 


(a) Hydrogen Cellulose.—The streaming potential and surface conductivity of 
cellulose and oxycellulose containing varying proportion of carboxyl groups to glucose 
residues have been investigated by Rabinov and Heymann (J. Phys. Chem., 1943, 47, 
655). It has been observed by them that (, decreases and the surface conductivity 
increases with increasing carboxyl group content of cellulose. In Table I are recorded 
their data on “‘hydrogen cellulose’’ i. ¢. cellulose containing free carboxyl groups ; 
W represents the weight of the cellulose diaphragm dried at 100° and all the 
other symbols refer to 20°. Distilled water was used for the streaming potential 
measurements. The values of ¢, (observed) recorded in ‘ables I, IJA and IIB were 
calculated from the Smoluchowski equation using the experimental data and taking 1.5 x 


10°* mhos cm™ as the average value of 8. Fig. 1 represents the plot of 1/{, against 





Fic. 1 


Hydrogen cellulose in water. 
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(Kp — S) for the various hydrogen celluloses used. It shows a numbe: of straight lines 
having different slopes but a common intercept. 
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TABLE I F 


‘ Hydrogen ceilulose in distilled water. 

, { = 55 mv. 

y Sample. Ww. H/P Sx108 Kp X 108 ¢ ¢. a 

d (mv/em. (mbhos (mhos (obs.). (calc. = x10. (mean). Z 

1 of Hg). em). em!) from - W 

° eq. 2). 

e 
Cotton-D 1.37 g. 86 1.54 4.05 13.71 MV 13.49 MV 2.237 1.86 1.36 

1 Cotton-B 1.47 78 1.50 4:15 12.48 12.94 ” ” 1.27 

e Cotton-B 1.26 97 1.51 3.65 15.41 15.19 ai = 1.48 

< Cotton-A 1.30 99 1.50 3-60 15.83 15.3 9 - 1.43 

t Oxycellulose-A 1.36 15.5 I 52 19.20 2.42 2.42 “ ~» 1.37 
Cotton-D 1.52 73 1.60 4.40 11.59 11.59 2.435 2.18 1.43 
Cotton wool 1.50 27.2 1.52 10.20 4 26 4.30 ” ” 1.37 
Cotton wool 1.60 25 1.56 9-9 4.01 4.01 2.770 2 36 1.47 
Oxycellulose-A 1.30 14.9 1.59 15.7 2.39 2.43 ee - 1.82 
Oxycellulose C 3.47 11.0 1.51 19.6 1.75 1.78 3.040 2.51 1.7! 
Oxycellulose-D 161 9 1.50 24.1 1.43 1.43 Be = 1.56 
Oxy cellulose-E 1.25 19.4 1.45 10.2 3.09 3.09 3-497 2.83 2.26 
Oxycellulose-E 1.33 18.3 1.50 11.1 2.90 2.83 *” - 2.12 
Oxy celiulose-D 1.55 10.2 1348 18.4 1.63 1.64 - Pe 1.82 


(b) Fiiter paper S and S.—The streaming potential of quantitative filter papers S 
and S No. 5809 and their surface conductivity have been measured by Briggs (J. Phys, 
Chem., 1928, 32, 641). His data are recorded in Tables IIA and IIs, the data 
in Table 1Ja refer to one batch and those in IIs refer to another batch of the filter 
papers obtained from the distributing firm at different times. Fig. 2 represents the 


Fic, 2 


S and S Filter paper in water. 
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value of 1/<, plotted against (Kp-—S)/S. It may be mentioned that since the values 
of S are not given for the data in Table 1Ja, the average of its values recorded in 
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6, *10° (Sqn mv) —e 


Fic. 3 Table IIs has been used. It will be noticed that the 
two straight lines having different slopes, meet at the 


Paid same point on the 1/{, axis. 








(c) Gelatin.—It has been observed by Glixelli and 

Stolzmann (Roczniki Chem., 1931, 11, 690) that the 

Gelatin at pu 3-5 {-potential of gelatin at aconstant pus, 3.50 + 0.04 

' decreases with the increase in the concentration of 
$$ 1 ——_——; gelatin in the gel. In Fig. 3, 1/, is plotted against 
EL —e c, the concentration of gelatin in 100 ml. It wili be 


noticed that a linear relationship exists between them. 


TABLE IIA 


Sand S filter papers in distilled water. 
C = 51 mv. 


H/P Sx 108 Kp x 108 ¢. (obs.) ¢. (calc. from 
(mv/cm. (mhos cm~!). (mhos cm“). eq. 2). <x 108, a 
of Hg). ¢ 
17.3 1.71 11.56 3.13 mv 3 22 mv 5-047 2.52 
16.2 1.71 12.60 2.93 2.93 , o 
14.7 1.71 14.16 2.66 2.58 a 
11.9 1.71 16.70 2.16 2.16 » o 
11.7 1.71 15.83 2.32 2.29 ” ” 
TABLE IIB 
S and §S filter papers in distilled water. 
¢ = 51 mv. 
H/P S x 108 Kp 10° ¢. (obs ) ¢. (cale 
(mv/cm. (mhos cm™'). (mhos cm™'). from eq. 2). ®x 107, a 
of Hg). ¢ 
7.82 1.81 19.20 1.50 mv 1.51 mv 6.71 3.36 
10 14 1.62 15.02 ''74 1.74 i 9 
10.31 1.75 15.22 1.91 1.87 o” ” 
8.07 1.67 18.62 1.43 1.43 om - 


DISCUSSION 


It will be noticed from Fig. 1 that the plot of 1/(, against (Kp—S) gives rise to 
a number of straight lines having the same intercept on the 1/{, axis but different 
slopes. Since the intercept is the same, all the hydrogen celluloses have the same value 
of true ¢. Further more, since the slope varies it is evident that « changes for the 
various hydrogen celluloses depending (ij on the evenness of their distribution, (ii) on 
the tightness of packing and (iii) on their specific volume under the conditions of 
the experiments. The authors, Rabinov and Heymann (loc. cit.), have themselves 
commented on the difficulty of distributing the material uniformly over the entire 
volume of the diaphragm and have tried to use as far as possible the same weight 
of material of about 1.5 g. to secure a given ‘tightness of packing’. The factor « in our 
equation (2) appears to sort out the points which correspond to a given ‘tightness of 
packing’. It will be noticed that the values of «/W for the oxycelluloses are usually 
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greater than those of cotton, and this may be taken to indicate that under the experi- 
mental condition of compression, their specific volumes are greater than those of 
cotton. However, the most important point to be noted is that all the hydrogen 
celluloses have the same value of {, the true zeta potential, and this is found from the 
intercept to be 0.056 volt. This conclusion is confirmed by the satisfactory agreemeut 
between the values of ¢, calculated from equation (2) and those observed experimentally. 
The calculated values of ¢, recorded in Table I (column 7) were found from equation 
(2) taking ¢ = 56 millivolts and 2/{S equal to those recorded in the c rresponding row 
of column 8 of the same table. 

It will be noticed from Fig. 2 that for the filter papers S and S, a plot of 1/(. 
against (K, —S)/S gives rise to two straight lines, one corresponding to the data recorded 
in Table IIA and the other corresponding to those recorded in Table IIn. These 
straight lines have different slopes but make the same intercept on the 1/{, axis. It 
is evident from Brigs:s’ description (loc. cit.) that the different slopes are due to different 
tightness of packing of the materials in the diaphragms. From both the experiments 
of Briggs, however, the true (-potential of the filter papers comes out to be 0.051 volt. 
This value, it should be noted, is remarkably close to the value of 0.056 volt found 
for the various hydrogen celluloses. The values of true ¢ found from equation (2) 
therefore lead us to the conclusion that the hydrogen celluloses used by Rabinov and 
Heymann (loc. cit.) and the quantitative filler papers S and S, used by Briggs (ioc. cit.) 
have got the same (-potential in contact with water of the same specific conductivity. 

In the case ol gelatin, a plot of 1/{, against c, its concentration at constant px, gives 
a straight line. This fact may be accounted for in the following manner. [et us 
consider a typical pore of average radius 1, and of length /, inside the gel, and let n 
be the average number of particles of gelatin per unit volume of the gel. The number 
ol particles in the aforesaid pore is therefore zr’ln and these will form the walls of the 
pore. Depending on the px, a given proportion of these particles will combine with 
the H ion of the acid used. Therefore, the number of electrically charged points on 
the walis of the pore will be zr°/Kn where. K isaconstant. These charged points 
will give rise to a double layer and thus contribute to surface conductivity. Taking 
y as the contribution of each charged point towards electrolytic conductance, the 
specific conductivity K, of the solution inside the aforesaid pore will be equal to 
(xrinKy + x7°lS)/zr°l, where S is the specific conductivity in bulk of the acid solution 
filling the pore. Substituting the above value of K, in equation ‘2) we have 

a 


1/f4 = 1/§ + < (Kyn + §-S) = 1/6 + —Kyn “ne —— 
CS CS 


a 


At constant fa, K, yandS will remain constant and, n will be proportional to c, the 
concentration of gelatin. Hence a plot of 1/{, against c, will give rise to a straight 
line. The true {-potential found from the intercept of the straight line on the 1/(, axis 
is 18.87 mv. 

It may be mentioned that Bikerman (J. Phys. Chem., 1942, 46, 724) suggested a 
qualitative explanation of the same phenomena from a different point of view. 
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CONDENSATION OF SUBSTITUTED RESACETOPHENONE 
WITH ALDEHYDES 


By M. G. MARATHEY AND J. M. ATHAVALE 


Substituted resacetophenone has been condensed with aldehydes to obtain the corresponding 
chalkones 


Condensation of resacetophenone with aldehydes has been carried out by different 
workers (Goeschke and Tambor, Ber., 1911, 44, 3503; Shinoda et ai., J. Pharm. Soc., 
Japan, 1929, 49, 123 3 Saiyad et al., J. Chem. Soc., 1937, 1727). 

The present work deals with the condensation of substituted resacetophenone with 
aldehydes, to obtain the corresponding chalkones, which are required for the synthesis 
of the 7-hydroxyflavones. 

6-Acetyl-4-ethylresorcinol (Shah and Mehta, J. Univ. Bombay, :936, 4, 100) was 
condensed with benzaldeliyde in the presence of 10N sodiura hydroxide, when 
2':4’-dihydroxy-5'-ethylchalkone (II, m. p. 166°) and 6-ethyl-7-hydroxyflavanone (III, 
m.p. 241°) were obtained. However, the yields of the chalkone (5%) and the flavanone 


(10%) were very low. 


HO” SoH ty H HO’ SoH 

= ex @ 
: Slate NaOH : ‘0 CH=CH— 
Et. /COMe Et 7 CO.CH=CH . » 
(I) 0 a i 06 

no Ye"-<> 
CO 
(IIT) 


Now, 6-acetyl-4-ethylresorcin (I, m.p. 118°), when condensed with anisaldehyde 
in the presence of 1roN-NaOH at room temperature, gave 2/:4’-dihydroxy-5’-ethyl-4- 
methoxychalkone (IV, m.p. 176°) and 4’-methoxy-6-ethyl-7-hydroxyflavanone (V, m.p. 
231°). The flavanone was also obtained when the chalkone was refluxed with alcoholic 





hydrochloric acid. 





O 
Anisaldehyde rx OH HO “~N “\ca—€ ome 
1) = | | | rend 
NaOH Et )co.cH=cH—¢ Some + Et A_/CHs 
CO 
(IV) (Vv) 


In this case the chalkone (IV) was obtained in 60% yield, while the flavanone 
(V) was in 10% yield. 
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2-Bromo-4-ethyl-6-acetylresorcin (VI, m.p. 131°) was prepared by bromination of 
6-acetyl-4-ethylresorcin with one molecular proportion of bromine in acetic acid, 

The bromo-ketone also was condensed with anisaldehyde in the presence of 
10N-NaOH when 2’: 4’-dihydroxy_3 -bromo-s/-ethyl-4-methoxychalkone (VII, m. p. 
176°) was obtained. ‘The reaction in this case proceeded smoothly and the chalkone 
could be easily isolated and crystaliised. ‘The ease in the reaction was probably due to 
the additional substitution of a bromine atom in the resacetophenone nucleus. 


Br Br 
Brg ( HY \ )H Anisaldehyde HO “on 
ees | oigineiptieiinail | — 
Et! COMe NaOH Et. /CO.CH cH—¢ OMe 
wo Bi gait ‘ 
(VI) (VIL) 


EKExPERIMENTAL 


2’ :4'-Dihydroxy-5'-ethylchalkone (I1).—4-Ethy1-6-acetylresorcin (1 g.) was dissolved 
in hot alcohol (3 ¢.c.) and benzaldehyde {1 c.c.) and ro N-NaOH (3 c.c.) added to it. 
It was kept for 48 hours and then acidified with HCl when a resinous mass was 
obtained. It was fractionally crystallised from 60% acetic acid when a solid was 
obtained, which melted at 150-55°, and some part remained undissolved (A). 
On repeated crystallisation from the same solvent it melted at 166° , yield 0.05 g. 


It dissolves in cold dilute caustic alkali and gives a deep brown coloration with 
alcoholic ferric chloride. (Found: C, 76.5; H, 6.1. C,;;H,.O; requires C, 76.1 ; H, 6.0 
per cent). 

6-Ethyi-7-hydroxyflavanone (III).—The residue (A) was crystallised from acetic 
acid when reddish brown crystals were obtained, m.p. 241°. It dissolves in cold dilute 
caustic alkali but does not give any coloration with alcoholic ferric chloride, yield o.1 g. 
(Found: C, 75.6; H, 6.2. Ci;H,.0; requires C, 76.1 ; H, 6.0 per cent). 


2’ :4'-Dihydroxy-5’-ethyl-4-methoxychalkone (IV).—6-Acetyi-, ethylresorcin (0.5 g.) 
was dissolved in cold alcohol (3 c.c.) and to it anisaldehyde (1 ¢.c.) and 1oN-NaOH 
were added and the mixture kept for 48 hours. It was then acidified with 50% HCl, when 
a resinous substance was obtained. It was crystallised from 60% acetic acid and the 
residue {X) was kept aside. Reddish yellow needles were obtained, m.p. 176°, yield 
0.3 g. It dissolves in cold dilute caustic alkali and gives a deep brown coloration with 
alcoholic ferric chloride. (Found: C, 72.6; H, 6.2. CysHisQ, requires C, 72.5 ; 
H, 6.0 per cent). 

4’-Methoxy-6-ethyl-7-hydroxyflavanone (V).— The residue (X) was crystallised 
from acetic acid when reddish flakes were obtained, m.p. 231°. It dissolves in cold 
dilute caustic alkali but does not give any coloration with alcoholic ferric chloride, yield 
0.05 g. (Found: C, 72.1; H, 6.1. CisHisO, requires C, 72.5 ; H, 6.0 per cent). 


2-Bromo-4-ethyl-6-acetylresorcin (V1).—4-Ethy!-6-acetylresorcin (1 g.) was dissolved 
in acetic acid (25¢.c.}. Bromine solution (25%, w/v; 3.5 c.c.) was added and the mixture 
kept aside for 3 hours, when a solid separated. It was filtered and crystallised from 
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30% alcohol, m.p. 131°. It dissolves in cold dilute caustic alkali and gives a deep 
brown coloration with alcoholic ferric chloride. (Found: Br, 38.2. C,~H,,O,Br requires 
Br, 38.9 per cent). 

2’ :4’-Dihydroxy-3'-bromo-5’-ethyl-4-methoxychalkone (VII).—The preceding com- 
pound (VI, 0.5 g.) was dissolved in alcohol (1.5 c.c.). Amisaldehyde (0.5 c.c.) and 
1oN-NaQOH (1.5 c.c.) were added to it. The reaction mixture was kept for 48 hours 
and then acidified with 50% HCl, when a solid was obtained. It dissolves in cold dilute 
caustic alkali and gives a brown coloration with alcoholic ferric chloride. (Found: Br, 
21.9. C,sH,7O,Br requires Br, 21.2 per cent). 

Thanks are due to Dr. S. Kulkarni Jatkar, D.Se., Prof. of Chemistry, University 


of Poona, for his keen interest and valuable guidance during the work. 
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STUDIES ON THE DEPENDENCE OF OPTICAL ACTIVITY ON CHEMICAL 
CONSTITUTION. PART XXXIX. THE ROTATORY DISPERSION OF 
d-CAMPHOR-8-SULPHONYL-PHENYL- AND o-, m- AND p- 
CHLOROPHENYL-AMIDES 


By BAwWA KARTAR SINGH AND (Miss) M. K. Paruxutry AMMA 


The rotatory dispersion of d-camphor-8-sulphonylphenylamide and its three chloro derivatives 
(0, m and p) has been recorded for thirteen wave-lengths (A=6703 A to A=4358 A) in the visible region 
of the spectrum in seven solvents. It is found to be ‘‘simple”’ as it can be expressed by the one-term 
Drude’s equation. It is controlled generally by a low frequency corresponding to the ketonic group 
of camphor and sometimes by a high-frequency characteristic of the saturated molecules. It is further 
found that the appearance of the high frequency occurs in solvents of low dielectric constant such as 
benzene, chloroform and ethyl acetate. 

The effect of position isomerism and the influence of solvents on rotatory power has been discussed, 
also the effect of constitution on rotatory power. It is found that the camphor-8-sulphonylphenyl- 
anide and its chloro derivatives have higher rotatory power than the corresponding camphor-A- 
sulphonates. 

In a previous communication ‘Singh and Amma, Proc. Ind. Acad. Sci., 1953, 38A, 
502), the nature of the racemic modifications of d-camphor-8-sulphonylphenylamide 
and d-camphor-8-sulphonylchlorophenyl {o-, m- and p)-amides has been discussed. 
In the present paper we describe the results of our experiments on the rotatory dis- 
persion of these compounds in seven solvents for thirteen wave-lengths in the visible 
region of the spectrum (A=6708 & to A=4358 &). 


Nature of the Rotatory Dispersion 


The compounds now investigated exhibit “‘simple’’ rotatory dispersion as the rotatory 

power can be expressed by Drude’s one-term equation, 
k 
re ae 

where k is the “‘rotation constant’’ and A,”, the ‘“‘dispersion constant’’ (‘Tables I-IV). 
The calculated values of the rotatory power (c) for different wave-lengths agree with 
the observed ones ‘o). ‘The differences ‘o-c) are of the nature of casual experimental 
errors and are omitted from ‘Tables I-IV for the sake of economy of space: out of 
364 observations of rotatory power, 68 exactly agree with the calculated values, 222 
agree within +0.02° of the observed angle of rotation, 70 within +004° and the 
remaining four observations within +v0.05°. ‘The above mentioned cases in which the 
differences between the observed and the calculated values of rotatory power agree 
within 0.04°—0.05° of the observed angle of rotation are for wave-lengths in the blue 
and blue-violet regions of the visible spectrum which are difficult to read. 

In addition to the above mentioned algebraic test for “‘simple’’ rotatory dispersion, 
the graphical method in which the plot of [1/«], against A? is a straight line, is also 
employed. One such graph (Fig. 1) is shown as an illustration. The values of A,* and 


2—1851P--9 
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k can be approximately read from the graph, for instance, for d-camphor-8-sulphonyl- 
phenylamide in pyridine (Fig. 1, u-u’), Ay>=0.075 and k=12.32, whereas the stringent 
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algebraic test as applied above in calculating Drude’s one-term equation (Table I) 
=0.07192 and k=12.2644. In Drude’s equation, k, may be taken as the 
of the compound for that value of wave-length for 


gives A,’ 
measure of ‘‘absolute rotation’ 
which A= VI+A,?. The “‘absolute”’ 
not dimensionally identical with the specific rotation [a]. 


rotation constant k, is thus numerically but 
A coinparison of rotatory 
powers, [2], and rotation constants, k, at this wave-length A (where A=/1+A,’ 
may be regarded as that for corresponding conditions of wave-lengths in which the 
effect of dispersion is eliminated (Table B). ‘Tinis wave-length is in the near infra-red 
and is not much greater than 10,000 A 


Position Isomerism and Rotatory Power 


In Table A the sequence of the specific rotatory powers, [«]23,¢,, ‘‘rotation 
constants’’ (k) and the “‘characteristic’’ wave-lengths (A,) of camphor- 8-sulphonylpheny]- 
amide and its chloro derivatives (0, m and p) is given in the increasing order of their 





values, 
’ TABLE A 
= . 
Solvent. fal” "a Ao. 
546) 
Methv!l alcohol p<un<m<o un<o<p<m p<m<un<o 
Ethv] alcohol p<o<un<m o<p<m<un un<m<p<o 
Acetone o<p<m<un o<p<m<un un<m<p<o 
Pyridine o<m<p<un o<m<p<un p<un<o<m 
Ethyl acetate o<p<m=un p<o<m<un o<un<m<p 
Chloroform o<p<un<m o<p<un<m m<p<un<o 
Benzene o<m<p<un o<p<m<un m<un<o<p 
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The table shows that neither Frankland’s lever-arm hypothesis (J. Chem. Soc., 
1896, 69, 284) nor its electrostatic modification of Rule ‘ibid., 1924, 125, 1122), accord- 
ing to both of which the meta isomeride should bz intermediate between the ortho and 
para while the unsubstituted compound should be equal to or less than the ortho com- 
pound as regards their rotatory effect, is followed even in a single case. On the other 
hand, Cohen’s rule (ibid., 1910, 97, 1739; 1911, 99, 1061), which states that the rotatory 
power produced by an oriho substituent differs more from that of the unsubstituted 
compound than do those of meta and para isomerides, is obeyed in all solvents except 
in the case of ethyl alcohol (Table B). 


TABLE B 
3 ° 
[a]. 
5461 
Structural formula, MeOH. EtOH. Acetcne Pyridine EtAc. CHCl. Benzene. 
[31.1]* [25.8] [21.5] [12.4] [6.11] [5.2] [2.28] 
t R.©O,NH-Ph 34-5 390 490 55.9 590 87.5 137.5 
(6.9) + (8.7) (11 3) (12.3) (14.2) (20.8) (33-9) 
R.SO,NH-C.H,CI-(0). 40.5 37.0 39.0 435 43.5 41.5 65.0 
(7 8) (6.8) 7-5) (9.4) (11.03) 9.3) (15.5) 
R.SO,NH-C¢H,Cl-(m). 38.0 39 5 25 59.5 590 59 0 123.5 
(8.4) (8.3) (9 3) (:0.8) (13-9) (22.3) (32.1) 
R SO,NH-C.H,CI-(p) 34.0 35-0 400 52-5 51.5 82.5 13-5 
(7.9) (7.0) (8.7) (12 0) (10 9) (49.9) (31.1) 


* The figures in square brackets are the values of the dielectric constants of solvents 
 R same as in Table C. : im 
+ The figures in simple brackets are the “rotation constants” k. 


The above mentioned results ‘Table A) obtained with mercury green line do not 
always hold good for other wave-lengths : for mercury blue-violet line (A=4358 4), the 
ortho isomer in ethyl alcohol has the highest rotatory power giving the order of increas- 
ing rotatory power of the position isomerides as p<un<m<o ‘Tables I-IV). On the 
other hand, for mercury green line it is the meta isomeride in the same solvent which 
gives the highest rotatory power, the resulting sequence p<o<un<m (Table A) being 
altogether different. Further study of ‘ables I-IV will reveal similar discrepancies for 
other wave-lengths and solvents. These results strikingly bear out the utter inadequacy 
of generalisations such as those given by Frankland and Rule (loc. cit.). 


The sequence of the ‘rotation constants’, k, in decreasing order of their values js the 
same as that of the specific rotatory powers, [«], in five solvents with slight variations ; 
in methyl alcohol and ethyl alcohol the order is, however, considerably altered (Tables 
A and I-IV). 


The order of increasing value of the ‘‘characteristic’’ wave-lengths, A,’s, for the 
different isomerides does not run parallel with that of the other two constants, namely, 
specific rotatory powcr and rotation constant (Table A). ‘The numerical values of 
these constants do not show any relationship (Tables I-IV). 
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Influence of Solvents on Rotatory Power 


Table B shows that in the case of d-camphor-8-sulphonylpbenylamide and d- 
camphor-8-sulphonyl-m-chlorophenyla mide, the rotatory power increases as the dielectric 
constant of the selvent decreases. This relation does not hold good in the case of the 
ortho and para isomerides of d-camphor-8-sulphonylchlorophenylamides. In these com- 
parisons we have used the dielectric constants of the solvents, whereas it would have been 
more rational to employ the dielectric constants of solutions which are, however, not 
available to us at present. P 

Effect of Chemical Constitution on Rotatory Power 


In Table C are shown the molecular rotatory powers of four pairs of compounds, 
namely, the camphor-8-sulphonates of aniline and chloroanilines (0, m and p) and the 
corresponding sulphonamides in four solvents. ‘The differences in the values of the 
molecular rotatory powers of camphor-8-sulphonates and the corresponding camphor-f- 


sulphonamides are also shown in Table C. 


TABLE C 
338 
[a 
£461 
Position Structural MeOH ¢. Diff. EtOH t. Diff. Pyridine t. Diff. +CHCl, Diff. 
isomeride. formulae 
un * R.SO,;H.H,NCsHs 105.3 118.3 117.0 147.2 
(M.W. 325.0) 0.6 1.5 51.9 151.6 
R.SO,HN.Ce6H; 105 9 119.8 168.9 298.8 
(M.W. 307.0) 
ortho R.SO;H HyNC,H,Cl 96.96 104 2 116.9 100.7 
(M.W. 350.5) 41 34 222 31.7 41.9 
R.SO,HN.CsH,Cl 138.3 126.4 1486 141.7 
(M.W. 341.5) 
meta R.SO;H.H,N.CsHyCl = 115.0 122 3 123.9 116 9 
(M.W. 350.5) 14.8 12.6 48 5 2241 
R SO.HN.C.H,C1 129 8 134.9 172.5 342 ¢ 
(M.W. 341.5) 
para R.SO,;H.H_NCsH,Cl 113.2 120 4 129.4 143 8 
(MW 3595) 2.9 09 499 1389 
R SO.HN.C.H,Cl 116.1 119 5 179.3 281 8 
(M.W. 341.5) 
CH,— 
! 
H,C—- —C—-——CoO 


++ 


Singh and Perti, Proc Ind. Acad. Sci., 1945, 22A, 26s, 


! ] 
* R= i H,C.C.CH; |! for sulphonates. 
| | + Singh & Amma (unpublished results) for sulphcnates. 


BC—-CH—CH, 
The stuructural formulae of camphor-f-sulphonates (I) contain a four co-valent 
nitrogen atom, whereas the corresponding sulphonamides (II) have a three-covalent 


menmanaid CH,.SO,NHR’ 








& CO ae c = 
| H;C.C.CH, | R’=aryl radical 
Cc 


1, CH——CH, 








= 


(I) (II) 
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nitrogen atom. ‘This change in the chemical structure is accompanied by an increase 
in the rotatory power of the sulphonamides as compared with that of the sulphonates 
(Table C). These differences are very marked in the case of pyridine and chloroform 
solutions. In methyl and ethyi alcohols they are much less; in the case of the unsubsti- 
tuted compound and the para derivative they are practically nil. 


“‘Characteristic’’ Wave-lengths derived from Dispersion Constants of Drude’s Equation 


The general rotatory dispersion equation of Drude, 


[x] =>." 


A?-A,? ’ 
0 
is the summation of several ‘partial-rotations’, such as 
k’ k” 
A?—A,” ’ A?-A,"? ’ 


etc. containing the ‘‘characteristic’’ wave-lengths of absorption bands, A’,, Ao”, ete., in 
the ultraviolet region which govern the rotatory power of the optically active compound. 
The rotatory dispersion equation of camphor {Singh etal., Proc. Ind. Acad. Sci., 1935, 
2A, 378; 1047, 26A, 268) is complex and can be expressed by two terms of the following 
form (solvent, benzene and concentration, 33-54 %) 
° 
[2] — 20.87  _ 19.06 


A*—0.0852 A?—o0.0521 © 


The low-frequency term of this equation has a dispersion constant, A,’*=0.0852 
(A’, = 29208), which is characteristic of the unsaturated ketonic group, responsible for 
the selective absorption (Aats= 2880 &) of camphor (Lowry and French, J. Chem. Soc., 
1924, 125, 1923). The high frequency (A,’?=0.0521 ; A,”=22834) corresponding to 
the general absorption of saturated compounds lies at the extreme end of the ultraviolet 
spectrum and close to the Schumann region. 


Reychler’s camphor-f8-sulphonic acid (Richards and Lowry, ibid., 1925, 1511) like 
camphor exhibits ‘‘complex”’ rotatory dispersion (in water) in which the high-frequency 
term has a dispersion constant, A,’*=0.04045 (A)’=2223.6 4) and the low-frequency 
term, a dispersion constant, A,”,=0.08515 (A,’’=2918 A). It is remarkable that whereas 
this acid exhibits “‘complex’’ rotatory dispersion, its salts with inorganic bases and 
organic nitrogen bases give only ‘‘simple’’ rotatory dispersion in which the high-fre- 
quency term has disappeared: only the low-frequency term corresponding to the ketonic 
group (>CO) is present. ‘The ‘“‘characteristic’’ wave-length (A,) as deduced from 
dispersion equations of the above mentioned salts (Singh et ai., Proc. Lahore Phil. Soc, 
1944, 6, 15; Univ. Allahabad Studies, 1944, 37) varies from 2800 4 to 3900 & in different 
cases. The z-derivatives of camphor (Richards and Lowry, loc. cit.) are interesting as 
their rotatory power can be expressed by one-term Drude’s equation containting only the 
low-frequency term in which A, varies from 3110 A to 3275 4 in different derivatives. 
The high-frequency term has entirely disappeared from the rotatory dispersion equation 
of the z-acids and their derivatives. 
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TABLE I 


AMM 


d-Camphor-phenyl-B-sulphonamide. 


Solvent : MeOH. EtOH. Acetone. Pyridine. Ethyl acetate. 
Conc. 
(g./100 ¢.c). 1.0000 1.0000 1.0000 1.1000 1.0000 
3 f(a) we ott. RL 2787 ‘ 12 a6 os 1556 
— .0954078 A*%-0.075855 A*-0 0680 A?-0.0719203 = A*®-0 05827 
Ol A 0 30888 0.27542 0,2608r 0.26818 0.24139 
Lines. Obs. Calc. Obs. Cale. Obs. Cale. Obs. Cale. Obs. Calc. 
(o) (c) (o) (c) (0) (c) (o) (c) (0) (c) 
Ligzog 19.5° 195° 230° 23.2% 290° 295° 32.5° 324° 37.0° 36.1° 
Cea 22.0 21.7 25.0 250 315 326 355 35-8 385 397 
Liéyo4 24.5 250 29.0 29.2 370 370 39. 40.8 45 45.6 
Nasgq; 27-5 27-5 32.0 320 405 40.4 435 446 49.0 490 
Hegs780 29.0 29.0 340 33.6 42.0 42.4 47.5 468 51.0 51.3 
A g5468 34-5 340 390 389 490 488 55.0 540 590 588 
Ags) 34-5 34.5 300 39.0 490 49.0 550 54.2 59.9 590 
As209 395 393 435 444 545 555 615 615 67.¢ 66.4 
Cdsose 42.0 42.4 47.0 47.4 585 592 655 657 705 706 
Cdggoe 5t.0 51.3 $65 55.2 68.5 695 775 7764 82.5 82.2 
Cdyg7g 55.0 56.1 610 606 73.5 748 81.5 83.5 89.0 882 
Ligeo3 62.0 59.5 660 63.8 80.0 784 885 87.7 91.5 92.2 
Hga3s8 740 73.2 76.0 76.0 92.5 92.5 104.5 103.9 107.5 107-5 
TABLE II 
d-Camphor-B-sulphonyl-o-chlorophenylamide. 
Solvent: MeOH. EtOH. Acetone. Pyridine. Ethyl! acetate 
Conc. 
(g./100¢¢c¢) 1.0000 1.0000 1.0000 I 0000 1.0000 
gf (el - 7-70835 6.8163 7.5307 9.4424 11.028 
= A2.0.10565 A2-9 1127 A2.0,1024 A?.0 0856 A?-0.04389 
O | Ap 0.32503 0.33571 0.319976 0.29260 *0.20948 
Lines. Obs. Cale. Obs Cale. Obs. Cale. Obs. Cale. Obs. Cale. 
(o) (c) (0) (c) (0) (c) (o) (c) (0) (c) 
Liezog 24.0° 226° 19.4° 20.4° 22.0° 21.7° 25§.5° 259° 27.0° 27.2° 
Cde438 250 25.3 23.0 227 24:5 24.3 2s 28-9 — — 
Liéio4 30.0 29.2 25.9 26.4 28.0 27.9 320 329 32.0 33.6 
Nassq3 325 32.3 288 29.3 305 30.8 355 361 37-5 36.4 
H2gs780 35-0 34-I 31.0 310 32-5 32.5 38.0 38.0 38.0 38.0 
Agsies 39.0 40.3 36.5 368 395 383 43-5 443 41.0 432 
Ags) 40.5 405 37.9 37.0 30.0 385 435 444 435 43-4 
A gs009 47-5 455 42.9 43-3 44.5 446 525 508 46.5 48.5 
Cdsose 49-5 510 48.0 47.0 50.0 48.2 550 546 50.0 §14 
Cd ygo0 68.5 62.5 55.5 583 56.0 588 660 652 575 59.6 
Cdygzs 65.0 68.9 62.8 64.7 62.0 64.7 69.0 70.8 60.5 63.0 
Ligeo3 74.0 73.4 72.0 69.2 70.0 68.8 78.0 74.8 67.5 65.7 
Hgis3s8 92.5 92-5 86.5 888 86.0 8€.0 90.5 90.5 75.5 75.5 


A 





Chloroform. Benzene. 
1.0000 I 0000 
20.824 33 O211 
A3-0 c60205 A?*-0.05750 
0 2454 0.22693 
Obs. Cale. Obs. Cale. 
(0) (c) (0) (c) 
535° 53.4° 83.5° 83.1° 
620 58.8 60 93.4 
67.0 66.7 1055 105.6 
73.0 72.6 114.5 114.7 
76.0 760 1205 120.0 
87.5 871 1360 137.1 
87.5 875 137-5 1375 
975 98.6 153.5 154.3 
104.5 1949 1645 163.7 
120.5 122.4 189.5 189.6 
130.5 131.2 204.0 202.7 
137.0 137.3 212.0 2117 
160 5 160.5 245.0 245.0 


. Chloroform, Benzene. 


I 0000 
9.26590 
A?-9 07812 
0.27951 
Obs. Calc. 
(0) (c) 
25.5° 249° 
27.0 276 
30-5 31-5 
345 344 
37.0 36.2 
41.0 420 
41.5 42.1 
49.0 48.0 
50.8 51.3 
60.0 60.9 
66.0 658 
71.5 69.3 
81.5 82.9 


1.0000 
15.4995 
At%-0.05771 
0.2403 
Obs. Calc. 
(0) (c) 
385° 395° 
450 434 
49.5 49.2 
535 53-5 
56.0 56.0 
64.0 64.2 
65.0 64.4 
72.0 725 
750 77:1 
91-5 897 
97-0 96.1 
100 § 100.3 
113.5 117.1 
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Solvent: MeOH. 


Coc 
(g./100 ¢.c.) 1.0000 
8.3946 
g{ ©) sree 
OLA 0.27533 
Lines. Obs. Cale. 
{o) (c) 
Ligzos 23.0° 72.8° 
Cdgs38 25.5 252 
Lig) 04 28.5 28.7 
Nagg93 31.0 31.4 
Hgsrse 33.0 33.0 
Ages 38.0 38.2 
Hgs461 38.0 38.3 
A gs209 43-5 43-6 
Cdspee 475 466 
Cd4so0 54.5 55.1 
Cd sere £9-5 59.5 
Liggo3 64.5 62.6 
Hgazss 74:5 74.5 








Solvent : MeOH. EtOH. Acetone. Pyridine. 
Conc 
(g./100 c.c.) 1.0000 1.0000 1.0000 1 000) 
sf (el 7-94191 7.040 8.74392 11 96397 __ 
3 A?.0.064882 A®-0 095455 A?-0.080652 A®-0.0723116 
Yl ar 0.25472 0.3089°7 0 28399 0.26516 
Lines. Obs. Cale. Obs. Cale. Obs Cale. Obs. Cale 
$ (0) (c) (o) (c) (o) (c) (0) (c) 
Ligezo8 20.0° 206° 195° 19.9° 23.5° 23.7° 32.5° 33.5 
Cdea3s 230 22.7 20.0 22.1 265 26.2 36.5 34.8 
Ligyo4 26.0 258 25.0 25.4 295 36.0 41.0 39.6 
Nasgq3 28.5 28.1 280 28.0 325 32.8 45.0 47.2 
Hg3s780 29.5 29.5 205 205 34:5 345 47:5 45-4 
Ag s468 340 33-9 355 346 40.0 40.1 53.0 5§2.3 
Hgs461 34.0 34.0 35.0 34.7 409 40.2 525 52-5 
As209 33.5 385 400 400 44.5 459 615 50-5 
Cdsose 495 41.0 440 431% 485 491 64.0 63.5 
CAygo9 475 480 53-5 522 §75 $84 72.5 74.7 
Cdyers 50.5 516 57.5 57:1 620 633 76.5 80.5 
Ligegs 53-5 S41 59-5 60.5 670 66.7 845 84.5 
63.5 63.5 745 745 80.0 80.0 1000 100.0 





Tasie IIi 


d-Camp hor-B8-sulphonyl-m-chlorophenylamide. 


EtOH. 
1.0000 
8.2709 
A+-0.08721 
© 29531 
Obs. Calc. 
(0) (c) 
23.0° 7<2.8° 
25:5 25:3 
28.8 290 
310 8631.9 
33-5 3365 
400 39.1 
39-5 39-2 
43-5 44.9 
47.0 48.2 
60.0 57.8 
62.0 62.8 
680 663 
8e5 80.5 


Acetone. Pyridine. 
1.0000 1.0000 
9 30436 10.7789 
A*-0.079185 A? 0-08631 
0 281398 0.29378 
Obs. Cale Obs Cale. 
(0) (c) (o) (c) 
25.0° 25.1° 29.5° ‘29.6° 
27-5 27.8 32.0 328 
310 931.7 38.0 377 
34-5 347 42.0 41.3 
36.5 36.5 43-5 43.5 
425 423 50.5 50.7 
425 42.5 50.5 50.9 
47-5 48.4 56.5 58.3 
49.0 518 610 62.5 
59.5 615 75.5 748 
64.5 66.6 80.5 813 
72.5 702 875 859 
84.0 84.0 104.0 104.0 


TABLE IV 
d-Camphor-B-sulphonyl-p chlorophenylamide. 


Ethyl acetate. 





1.0000 
13 87205 
A?.0.062098 

0.249195 

Obs. Cale. 
(0) (c) 

35-0° 35.8° 
38.5 390.4 
44.0 44.7 
475 48.7 
51.0 51.0 
59.0 58.6 
59.0 58.8 
66.5 663 
71.5 70.6 
80.0 824 
88.0 88.5 
92.0 927 
108.5 108.5 


Ethyl acetate. 


T,0000 
10.891 
a2. 1.086717 
0.29448 
Obs. Cale 
(o) (c) 
30.0° 300° 
35-0 33.2 
390 381 
420 418 
44-5 440 
51.0 $1.3 
51.5 St5 
57.0 590 
61.0 63.3 
73:0 75.8 
795 824 
885 87.1 
105.0 105-5 
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Obs. Calc. 


(o) (c) 
5€.5° 55-5° 
620 60.8 
68.5 68.7 
735 745 
89.0 77.9 
88.0 &8.7 
890 89.0 
98.0 99.6 
108.0 1c5.6 
122.5 121.9 
128.5 130.1 
1359 135.7 
156.5 156.5 
Chloroform. 
I 9000 
19 9265 
A> 056464 
0 23804 
Obs. Cale 
(0) (c) 
§2.0° 50.7° 
57° 55-7 
63.5 631 
69.5 68.6 
73.0 71.8 
81.5 82.2 
82.5 825 
or5 928 
990 68.7 
113 § 114.7 
1200 122.9 
1250 128.4 
149.5 149-5 
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Chloroform, Benzene. 
1.0009 T,.0000 
22.336 32.1029 
A2.0.04723 A*-0 039587 
"0.21732 *0.19942 


Obs. Calc. 
(v) (c) 
78.0° 
86.5 


97:0 
105.0 


78.2 
85.6 
96.4 
104.2 
109.0 109.0 
123.8 
1241 
138 5 
146.5 
168.3 
179.1 
186.4 
213.5 


122.5 
123.5 
138.0 
148.0 
170.0 
179.0 
189.5 
213.5 


Benzene. 


1.0000 


31 11636 
A*-0 05976 
0.2445 


Obs Calc. 
(0) (c) 


79.8° 
877 
99 5 
108.2 
113 4 
130.1 
130.5 
1471 
156 4 
182.4 
195 6 
204.6 
239.0 





80.0° 
87.6 

1010 
108.5 

113.7 
131.0 
130.5 

149.0 
1560 

1810 

191.5 

204 9 
239 0 
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d-Camphor-8-sulphonamide (Singh and Amma, unpublished results) can also be 
represented by one-term Drude equation having only the low-frequency term giving A, 
ranging from about 2800 & to 3400 A in different solvents. The aryl derivatives of 
camphor-8-sulphonamide (Tables I to IV) also exhibit ‘simple’ rotatory dispersion in 
which A, (in 4), as deduced from the dispersion equations, varies from 1990 to 3300 in 
different cases and in different solvents: d-camphor-8-sulphouylphenylamide (Table I) 
has A, varying from about 2600 to 3089 in four solvents, whereas its value in ethyl 
acetate and chloroform is about 2450. In benzene * it isas low as 2269. In the case 
of d-camphor-8-sulphonyl-o-chlorophenylamide (‘Table II) its values are as follows: 3250 
(methyl alcohol); 3357 (ethyl alcohol); 3200 (acetone); 2926 (pyridine); 2795 (chloroform); 
2403 (benzene); whereas it is as low as 2095 in ethyl acetate *. In the case of the 
meta derivative (Table III) the value of A, is very low in benzene * (1994) and in 
chloroform * (2173), whereas in the remaining five solvents it varies from 2492 to 2953. 
In the case of the para isomeride (Table 1V) the value of A, is 2380 in chlorofrom * 
but it varies from 2445 to 3090 in the remaining six solvents. 

All the derivatives of camphor sulphonic acids (+ and 8) investigated till now 
exhibit “‘simple’’ rotatory dispersion governed by a low-frequency term but the aryl 
derivatives of d-camphor-8-sulphonamide described in this paper show ‘“‘simple’’ rotatory 
dispersion controlled either by the low-frequency term pertaining to ketones or ina 
very jew cases by the high-frequency term characteristic of saturated compounds. 
As mentioned above, one and the same compound may exhibit this behaviour according 
to the nature of the solvent in which the rotatory dispersion is determined. It is found 
that this sudden change of the low-frequency term into the high-frequency term is 
generally brought about by solvents of low dielectric constant such as benzene, chloro- 
form and ethyl acetate (Tables I-IV), ‘This phenomenon involving, as it does, the 
change of an unsaturated molecule into a saturated state as revealed in the rotatory 
dispersion equations by the appearance of the high-frequency term in place of the low- 
frequency term, characteristic of unsaturated groups, such as keto (>CO}, by the mere 
change of solvent is difficult to understand. It may, however, be explained in this way : 
the saturated state of the molecule above postulated is perhaps brought about by the 
mutual saturation of the “residual affinities’’ of the keto group of the camphor and the 
conjugated double bonds of benzene. 


This unexpected result, which is a puzzle and surprise, must, however, await 
confirmation by direct measurements of absorption of these solutions. A true picture 
of what actually takes piace in solution may then be obtained by showing the presence 
or absence of the absorption bands deduced from rotatory dispersion measurements. 


EXPERIMENTAL 


These compounds were prepared and purified according to the methods described 





previousiy (Singh and Amma, loc. cit.). The rotatory power determinations were made 


* The values of the ‘‘characteristic'’ wave-length corresponding to the high-frequencies are shown 
in italics in Tables I-IV. 
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at 35° in seven solvents (concentration: 1.000 g. in roo c.c.) for thirteen wave-lengths 
of the visible spectrum (A=6708 R to A=4358 &) and are recorded in the Tables I-IV. 
The values of A, calculated from the dispersion formulae are also recorded in the 
tables and are expressed as u or 10-* cm, 
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CONDENSATION OF ARYLMERCAPTOACETIC ACIDS 
WITH ALDEHYDES 


By V. BaLIAH AND R, VARADACHARI 


Phenyl- and p-tolyl-mercaptoacetic acids undergo the Knoevenagel reaction with several aromatic 
aldehydes affording a-ar\lmercaptocinnamic acids {I) p-Tolylmercaptoacetamide has been prepared 
and condensed with benzaldehyde and piperonal 


Gilman and Webb (J. Amer. Chem. Soc., 1940, 62, 087) studied the metallation of 
anisole and thioanisole by butyl-lithium and found anisole to undergo nuclear matalla- 
tion, while under the same conditions, thioanisole to undergo lateral metallation. This 
was proved by carbonating the organometallic compound obtained after metallation : 
anisole gave o-methoxybenzoic acid, while thioanisole yielded phenylmercaptoacetic 
acid. It is thus seen that the hydrogen atoms of the methyl group in thioanisole are 
more labile than in anisole. A possible explanation for this difference in behaviour 
is the ability of sulphur to expand its valency shell giving rise to hyperconjugated 
structures such as the following : 








H* H . H* 
a] — .- - JE os | “ig oe 
“€""Y=s=c-H<—> i(__)="s=c_u<—+>€_= S=0-H 
H H* H 


For the same reason the methylene group in an arylmercaptoacetic acid is more 
reactive than that in aryloxyacetic acid (Baliah and Varadachari, Curr. Sci., 1954, 
23, 19). As part of a scheme of research planned to investigate the influence of sulphur 
on the adjacent atoms and groups, p-tolyl- and phenyl-mercaptoacetic acids were 
subjected to the Knoevenagel reaction. With several aromatic aldehydes the reaction 
occurred yielding #-arylmercaptocinnamic acids (I). 


Ar—S—CH,—COOH + Ar’CHO ———> Ar—S—C—COOH 
I (I) 
CH—Ar’ 
The condensation was effected by heating the reactants in glacial acetic acid under 
reflux in presence of ammonium acetate and piperidine. The time required for the 





condensation varied from 4 to 22 hours. No condensation occurred with 2:4-dinitro- 
benzaldehyde, m-nitrobenzaldehyde, p- and m-hydroxybenzaldehydes, cinnamic alde- 
hyde, vanillin, veratric aldehyde and furfural. Attempts made to condense aliphatic 
aldehydes were not successful. 


Salicylaldehyde reacted with phenyl- and -tolyl-mercaptoacetic acids with ring 
formation to yield coumarin derivatives (II), 





tic 


‘ed 
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OH HO PS 
4 / \ @n/ \ 
| ? of aweveanp “a 
: | C—S—Ar 
CHO H,C—S—Ar YW \ CH Y 


(II) 

However, no condensation could be effected with 8-resorcylic aldehyde. 

Since the methylene group in arylmercaptoacetic acids has been found to be suffici- 
ently reactive to undergo the Knoevenagel condensation, it appeared to be of interest to 
examine the reactivity of methylene group; in related compounds, e.g., ary!mercapto- 
acetic esters and arylmercaptoacetamides. When ethyl p-tolylmercaptoacetate was 
reacted with benzaldehyde in presence of ammonium acetate, a product containing 
nitrogen and sulphur was obtained. It was not crystallisable, and hence, could not 
be identified. 

The condensation of p-tolylmercaptoacetamide with benzaldehyde and piperonal 
afforded a-p-tolylmercaptocinnamide and @-p-tolylmercapto-3:4-methylenedioxycinnamide 


respectively. 
ExPERIMENTAL 


Phenylmercaptoacetic acid was prepared by the method of Gabriel (Ber., 1879, 12, 
1639). -Tolylmercaptoacetic acid was prepared by the method of Pummerer (Ber., 
1909, 42, 2279. 

Preparation of «-Arylmercaptocinnamic Acids.—A mixture of arylmercaptoacetic 
acid (0.1 mole), the appropriate aldehyde {o.1 mole) and ammonium acetate (0.1 mole) 
in glacial acetic acid (10c.c.) was heated under reflux on a hot plate for 4 to 22 hours. 
After cooling, the reaction mixture was extracted with ether and the ether was evaporated 
off. Addition of a fewc.c. of methanol to the oily residue gave a crystalline solid. 
The compounds were generally recrystallised from methanol. 

In the case of condensations with phenylmercaptoacetic acid, piperidine (1.5 c.c.) 
was also added to the reactants. 

The relevant data on the compounds prepared are recorded in Table I. 


TABLE I 
2-Arylmercaptocinnamic acids (I). 
Ar’. Duration Yield. M.P. Formula % Carbon % Hydrogen 
of reflux. Found. Cale. Found. Calc. 
Ar=p-Toly]. 
CH, 4hrs. 13%  154°55° Cy6HyO,S 708 71.5 §.%  §.2 
4-CH,0.CeETy 12 20 149-50° ‘7603S 67.9 68.0 56 5.3 
3 :4-CHyO,q :CgHy (a) 13 22 174-75° CyH,4O,S 65.1 65.0 4-7 4:5 
2-CH;0.C.H, II 16 176-77° Cy7H)603S 679 68.0 5.4 5-3 
4-Cl.CgH, (b) 22 29 194-96° Cy6H},0,SCI 62.9 631 4:3 4.3 
4-CH3.CsHy i2 19 187-88* Cy7H)¢02S 72.0 71.8 5.8 5.6 
Ar=Phenv!l. 
CeHg (c) 4 10 igo-42°  CisFI)202S 79.3 703 46 47 
4-CH;0.CsH, 21 7 133-26" Cy6H 40385 67.5 67.1 5.0 4.9 
3 :4-CHeO, :CeH; 20 7 145-66° Cy6H),0,8 64.3 64 0 4-4 4.0 
4-CH3.CeH, 18 8 173-74° C)6H,,0.S 71.5 71.1 5.6 5.2 


(a) Recrystallised from ethanol-acetone. (b) Recrystallised from dioxan. (c) Schwenk and 
Papa (J, Amer. Chem. Soc., 1947, 69, 3022) report m.p. 143-44". 
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3-p-Tolylmercaptocoumarin.—A mixture of -tolylmercaptoacetic acid (6 g.), 
salicylaldehyde (4 g.) and ammonium acetate (2.6 g.) in glacial acetic acid (4 c.c.) was 
refluxed on a hot plate for rr hours. The reaction mixture was then cooled and extrac- 
ted with ether. The ether was evaporated off and a few c.c. of methanol were added to 
the residue. The solid obtained gave pale yellow needles on recrystallising from metha- 
nol, m.p. 127-28°, yieid 0.8 g. (9%). (Found: C, 71.4; H, 4.6. Cie6Hi,0,S requires 
C, 71.6; H, 4.5 per cent). 

3-Phenylmercaptocoumarin was prepared by using phenylmercaptoacetic acid (5.4 g.) 
in place of p-tolylmercaptoacetic acid and following the same procedure as above ; 
yicid6%. It crystallised as fine needles from methanol, m.p 122-23°. (Found: 
C, 70.8; H, 4.3. C1sH,,.0.S requires C, 70.9 ; H, 3.9 per cent). 

p-Tolylmercaptoacetamide.—To a solution of sodium (2.3 g.) in absolute ethanol 
(50 c.c.) was added p-thiocresol (12.4 g.) and the mixture was cooled to 0°. Chloro- 
acetamide (9 g.) was then added and it was set aside at room temperature. After 5 days, 
the reaction mixture was poured into crushed ice. The crystals separating (12 g.) were 
recrystallised from ethanol, m.p. 114-15°- (Found: C, 59.7; H, 6.1. C,H,,ONS requires 
C, 59.7 ; H, 6.1 per cent). 

4-p-Tolylmercaptocinnamide.—A mixture of -tolylmercaptoacetamide (5.4 g.), 
benzaldehyde (2.2 g.) and ammonium acetate (1.5 g.) in glacial acetic acid (4 c.c.) was 
refluxed on a hot plate for 3 hours and cooled. It was extracted with ether and the 
ether was evaporated off. The residue solidified gradually, yield 1.2 g. {15%). It 
crystallised as needles from ethanol. The compound softened at 145° and melted at 
152°. (Found: C, 71.3; H, 5.6. C,,H,,ONS requires C, 71.4; H, 5.6 per cent). 

a.p-Tolylmercapto-3 :4-methylenedioxycinnamide was prepared by the same method 
as above, using piperonal. Recrystallisation from ethanol gave necdles melting at 
148-49°. (Found: C, 65.2; H, 4.7. Ci7HisOsNS requires C, 65.2; H, 4.8 per cent). 


DEPARTMENT OF CHEMISTRY, 
ANNAMALAI UNIVERSITY, 
ANNAMALAINAGAR, Received April 28, 1954s 
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to A STUDY OF METALLIC ELECTRODES: UNIFORMITY OF THE SILVER 
a- ELECTRODES PREPARED BY VARIOUS METHODS 
— By A. C. CHATTERJI AND KEDAR SINGH 
g.) From the study of the E. M. F of Silver electrodes, prepared by various methods, in AgNO; solu- 
bs tion of different concentrations, it appears that E. M. F developed between two similar silver electrodes, 
ls dipped in the same solution of AgNO}, depends not only on the methods of preparation of the electrodes 
but also on the concentration of the solution in which these are dipped and on the time lapsed after 
immersion. The short-circuiting of electrodes, having a potential difference between them in the 
ol same solution of AgNO, certainly lowers the potential difference, but this lowering depends on the 
0- concentration of the electrolyte in solution, i e. greater the concentration of the electrolyte in solution, 
S, the less will be the time required by the electrodes to attain uniformity and vice versa. 
e 
25 A study of supersaturation has been attempted by measuring E. M. F. with a view 
to ascertaining the gradual change in the activity of the cations, if any. Before measuring 
), the actual E. M. F. attempt has been made to find out if the silver electrodes prepared by 
i's different methods are uniform. 
e Cumming (Trans. Faraday Soc., 1906, 2, 218) and Brislee (ibid., 1908, 4, 160) stated 
| that differently prepared silver electrodes gave the same results although the E.M.F, 
t differed by 0.0004 and o.vo16 respectively. Lewis (J. Amer. Chem. Soc., 1906, 28, 
166) found a wide difference between two silver electrodes, differently prepared. 
1 Lewis and Lacey (ibid., 1914, 36, 805) and Getman (Trans. Amer. Electrochem, 
t Soc., 1914, 26, 67) prepared various forms of copper electrodes and found wide varia- 
tions in E.M.F. They found that the spongy deposition of the copper metal was 
the most stable modification. Getman (J. Phys. Chem., 1930, 34, 1454 ; 1931, 38, 588, 
2756) has shown that single crystals of copper, cadmium and zinc metals function as 
ie constant and reproducible electrodes when immersed in the solutions of their respective 
salts. Clayton and Vosburg (J. Amer. Chem. Soc., 1936, 58, 2096) used various types 
of zinc electrodes and found that zinc deposited on platinum wires was always positive 
with respect to other electrodes. Bradshaw (J. Chem. Phys., 1949, 17, 344) prepared a 
zinc electrode by depositing zinc in vacuum on platinum wire set to the ends of the 
glass tube. ‘These electrodes usually gave an E. M. F. difference of 24-30 microvolts, 
when dipped in a dilute solution of zinc chloride saturated with basic zinc carbonate. 
The above authors have attributed the difference in homogeneity of the electrodes 
to two causes: (1) surface strain or (2) meta-stability. 


We have prepared silver electrodes by different methods and tried to find the 
efficacy of the usual method of making them attain uniformity by short-circuiting them 
when dipped in the same solution of silver nitrate. 


ExPERIMENTAL 


In order to find out a suitable silver electrode for the purpose under investigation, 
several pairs of different types of silver electrodes were prepared and their uniformity 
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tested when dipped in the silver nitrate solutions of different concentrations. Each 
pair of the same type was found to give different potentials when the electrodes were 
dipped in the same solution. So an attempt has been made to investigate the effect 
of time, concentration and nature of the surface upon the potential difference of the 
cell with each type of silver electrodes, so that the most homogeneous pair of electrodes 
could be selected for the study of the main problem. The silver electrodes used in 
this investigation were prepared in the manner recorded in Table I. 


TABLE I 
Electrodes No. Nature of the electrodes. 
ie II Silver wires. 
mu, IV Fine loops of silver wire. 
IT Silver foils about 1 cm?, 


VII, VIII Silver foils about 1 cm’, and freshly plated with silver from pota- 
ssium argentocyanide solution. 


am = Platinum foils about 1 cm?, welded to a platinum wire which was 
fused to the glass tubing containing mercury and the platinum 
foils were covered with silver deposited from AgNO; solution acidifi- 
ed with nitric acid. 


All the above electrodes except IX and X were then soldered to copper wires which were enclosed 
within the glass tubings that were closed with rubber stoppers at buth the ends to avoid contact with 
AgNO; solution. 

The E.M.F. of the cells was measured by means of a Pye potentiometer which 
could read up to the 6th place of decimal, in conjunction with a D’ Arsonval galvano- 
meter having a sensitivity of 1540 mm. per microampere. All the cells were placed in 
an electrically heated and controlled air thermostat in which a temperature of 30+0.1° 
was maintained. In order that thermal equilibrium might be established within the 
cells, thirty minutes were allowed to attain the temperature of the thermostat. 

For measuring the E. M. F., the following type of cell was prepared : 

Ag | nN-AgNO, | Ag 

where n had the values 1, 0.1, 0.01, 0.001 respectively. The E. M. F. in these 
AgNO, solutions was measured separately for each type of electrodes pair for a con- 
siderable period of time without short-circuiting them and the readings were again 
taken after interchanging the terminals for the same interval of time as above ; after 
that the pair of electrodes was short-circuited for 12 hours in the same solution in 
which the E. M. F. was measured. After short-circuiting, the E. M. E. was again 
measured keeping the electrodes pair in the very same solution. Each type of the pair 
of electrodes was subjected to the same process. 

Table II records the detailed results obtained with electrodes pair of silver wire. 
Similar results as shown in Table II have also been obtained in the case of the other 
types of pairs of electrodes and they are not shown in detail but a summary of all 
the results obtained by using the different pairs of electrodes is given in Table II1 

‘which records the E. M. F. difference in volts from the initial E. M. F. when the 
different pairs of silver electrodes are dipped in AgNO, solution of different concentra- 
tions for one hour. 
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TABLE II 


With electrodes pair of silver wire marked I and II taking electrode I as positive. 


Time. E.M.F. in volts in 
Hrs. Mins. N-AgNO. o0.1N-AgNO3. 0.01N-AgNO 0.001N-AgNQ3. 
o fe) 0.000877 0.000495 0.090335 0.000132 
te) 15 0.091102 0.000504 0.000338 0.000159 
° 30 0 001204 0.000577 0.000339 0.000160 
o 45 0.001207 0.000593 0.000340 0.000189 
I ° 0.001205 0 000615 0 000364 0.000191 


On interchanging the terminals and making electrode II as positive a unidirectional movemen: 
was obtained np to two hours with all concentrations of AgNO; used 

After short-circuiting for 12 hours in N, 0 1N, 0.01N and 0,0o1N- AgNO, solutions respectively and 
making electrode I as positive: 


o 9 0.000619 0.900483 0.900303 0.000122 
fe) 15 0.000662 0.000517 6.000318 0.000159 
° 30 0.000738 0.000557 0.000326 0.000167 
o 45 » 9,000767 0.000568 0.000331 0.000176 
1 re) 0.000782 0.000571 0.90 1334 0.000177 


On interchanging the terminals and making the electrode II as positive, a unidirectional move- 
ment was again obtained up to two hours with all concentrations of AgNO, used. 


TABLE III 
Time effect, 
S. No. Electrode pair. E. M, F. difference in volts from the initial E. M. F. when different pairs 
of silver electrodes were dipped in AgNO; solutién for 1 hour. 
N-AgN0O3. 0.1N-AgNO3. 0.01N-AgNOs3. 0.001N-AgNQ3. 
Ie I, II 0.000330 0,000120 0.000029 0.000059 
I*, II* 0.000163 0.000088 0.000031 0.000055 
2. IIT, IV 0.000348 0.000799 0,000027 0.000312 
TIr* Iv® 0.000080 0.000763 0.000077 0.000392 
3. Vv VI 0.000263 0.000053 0.0001 56 0.GO0144 
vw". vI* 0.000643 0.000653 0 0c0187 0.000156 
4. VII, VIII 0,000218 0.000032 0.000084 0.000053 
VIT* VIII* 0.000166 0.000085 0.000078 0.000044 
5. IX, xX 0.000202 0.000028 0.000069 0.000000 
Ix* x* 0.000134 0.000016 0.000081 0.000000 


*After short-circuiting the same pair of electrodes for 12 hours in N, 0.1N, 0.01N, 0,co1N-AgNO; 
solutions respectively. 

In all pairs of silver electrodes on interchanging the terminals a unidirectional movement was 
obtained up to two hours with all concentrations of AgNO, used. 


CONCLUSION 


The following conclusions can be drawn from the above results : 

1. Differently prepared pairs of electrodes show different E. M. F. when dipped 
in AgNO, solution of the same concentration. Even when the same pair of electrodes is 
dipped in solutions of AgNO, of different concentrations, then also the E.M.F. varies, 
This variation decreases with decreasing concentration. 
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2. The E. M. F. of any combination increases with time. 
3, Short-circuiting of the electrodes by dipping in the same solution of AgNO, 


shows decrease in E. M. F. but it does not become zero with 12 hours’ immersion. 

From the above observations it is clear that E. M. F. does not only dep_nd on the 
preparation of the electrodes but also on the concentration of the solution in which it 
is dipped and on the time of dipping. With the same pair of electrodes one is usually 
positive to the other, the cause of which is not clearly understood. Mere difference 
in physical conditions of the electrodes such as meta-stability or surface strain is not 
sufficient to explain the results recorded here. 

It appears that the adsorptive power of surface may play an important role in this 
phenomenon. Only then different concentrations of the electrolyte with the same pair 
of electrodes through varying adsorption may give different E. M. F. 


CHEMISTRY DEPARTMENT, 
LUCKNOW UNIVERSITY. Received August 21, 1952. 
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STUDIES ON SOME ANALOGUES OF PTEROIC ACID 


By PRABHAT RANJAN PAL 


Some analogues of pteroic acid have been synthesised by replacing p-aminobenzoic acid moiety of 
the molecules by o-, m- and p-toluidine. These analogues have been found to antagonise the action 
of pteroylglutamic acid when tested on Streptococcus faecalis R. 


The synthesis of 4-aminopteroylglutamic acid and its therapeutic use in the 
treatment of leukemia (Farber, New England J. Med., 1948, 238, 787) created a great 
interest in the study of various analogues of pteroylglutamic acid and pteroic acid. 


In the present investigation some analogues of pteroic acid have been prepared by 
replacing p-aminobenzoic acid moiety of the molecule by o-, m-and p-toluidine; a 
short note of this has appeared earlier (Pal, Science & Culture, 1953, 19, 160). The 
compounds (I, II and III) were synthesised by following the methods of Waller 
et al. (J. Amer. Chem. Soc., 1948, 70, 19) as modified by Wright et al. (ibid., 1949, 
71, 304) where 2:4 :5-triamino-6-hydroxypyrimidine, 2 :3-dibromopropionaldehyde and 
toluidine were condensed together in aqueous solution at fx 3-4. Usually one half 
equivalent of sodium dichromate was added during the condensation. The crude 
products were purified by following the methods of various workers, particularly those 
of Mowat et al. (ibid., 1948, 70, 1096) and Hultquist et al. (ibid., 1949, 71, 619) with 
some modifications. The compounds synthesised were assayed chemically according 
to the method of Hutchings et al. (J Biol. Chem., 1947, 168, 705). The coupling 
agent used was thymol and the colour was developed by making the medium 
alkaline. 2:3-Dibromopropionaldehyde was prepared (Moureu and Boismenu, Ann. 
chim., 1921, ix, 18, 209) by bromination of acrolein in carbon tetrach!oride solution. 
For the synthesis of 2:4:5-triamino-6-hydroxypyrimidine, the method of ‘Traube 
(Ber., 1900, 33, 1371) was followed excepting that the corresponding 5-nitroso derivative 
was reduced with zinc dust and hydrochloric acid. 


Ons 
la N Fi R=o0-CH,C,H,NH- 
CH,-R 
ee etn 
Ne i} { Il, R=m-CH,C.H,NH- 


LIV" Ill, R=-CH,C,H,NH- 
N 


: 1 
H,N N “8 

The ultraviolet absorption spectra of the pure synthetic analogues were determined 
in o.1N-HCl and o.1N-NaOH solutions in the Beckman spectrophotometer (Model DU). 
The ultraviolet absorption maxima and minima of the comrounds are recorded in 
Table I along with the inhibition index. 


4—1851P—o 
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TABLE I 
R. Wave lengths in m yz 
o.1N-NaOH. o.1N-HCIl. Inhibition 
Max. Min. Max. Min. index. 
o-CH,CgH,NH- 252,359 230.302 317 273 4,200 
m-CH,CsH,NH- 252,360 230,305 319 275 7,520 
p-CH,CgsH,NH- 252,358 230,302 315 271 5,000 
Conc. of the solution for u.v. = 10 mg./litre. 


Oxidation of the synthetic compounds with hot alkaline permanganate according 
to the method of Seeger et al. (J. Amer. Chem. Soc., 1949, 71, 1753) yielded 2-amino- 
4-hydroxy pteridine-6 carboxylic acid (IV) identity of which was established by comparing 
the ultraviolet absorption spectra with that of an authentic sample.* This reaction 
proved the location of the side chain in the 6-position of the pteridine ring. 


OH OH 
| N _ | WN 
n7Y/ S\ —cH.—NH < (CH) eed nf? \/ S—cooH# 
a . | | Noomeed KMnQ, | | 
NWS AVA SF 
NN H.N N N 
© Ory} 


Effects of these compounds on the growth of S. faecaiis R. were studied. They 
were found to exercise some inhibitory effect on the particular micro-organism in the 
presence of pteroylglutamic acid. The valucs of inhibition index for half maximum 
inhibition for the growth of S. faecalis R. at the concentration of pteroylylutamic acid of 
0.005 microgram per 10 mJ. are shown in Table I. The details of the microbiological 
work will be published elsewhere. 


ExPERIMENTAL 


2:4:5 Triamino-6-hydroxypyrimidine Sulphate.—To a suspension of 2 : 4-diamino- 
6-hydroxypyrimidine sulphate (30 g.j (Traube, loc. cit.) in water (1000 ml.) was added 
sodium acetate (15g.) and the mixture heated to 80° with stirring. When the 
pyrimidine sulphate dissolved, a solution of NaNO, ‘conc.) was added till the solution 
gave a blue colour with starch iodide paper, while the ps of the solution being 
maintained at 3 with HCl (conc.,). The rose-red precipitate of the corresponding 
5-nitrosopyrimidine was centrifuged, suspended in water {300 ml.) and reduced with 
zine dust (30 g.) and HCl (conc., 90 ml.). ‘Tec the clear light yellow filtrate H,SO, 
(conc., 30 ml.) was added and allowed to cool to the room temperature (25°}. The 
sulphate separated out as colorless needles, containing one molecule of water of crystallisa- 
tion. The yield was 26g. (Found: N, 26.81. Cale. for C,H,,O,N;S:N, 27.24 
per cent.). 


* Kindly supplied by the Lederle Laboratories, Division of Americin Cyanamid Co., New York. 
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2-[N-{(2- Amino-4-hydroxy-6-pteridyl)-methyl}-amino]-toluene (I).—A mixture of 
the above sulphate (5.14 g., 0.02 mole) and hydrated sodium acetate (5 g.) in water 
(50v ml.) was heated to 80° with stirring, when the material dissolved. After cooling 
to 50°, o-toluidine (2.14 g., 0.02 mole) in acetic acid {5 ml.) was added and the pa was 
adjus‘ed to 3-4 with sN-NaOH. ‘The solution was stirred and 2:3-dibromopropionalde- 
hyde (4.32 g.) in acetic acid (10 ml!) and sodium dichromate (0.9 g.) in water (20 ml.) 
were added dropwise simultaneously during half an hour. The pa was maintained at 3-4 
and the temperature was adjusted between 40° and 50° during the addition. It was 
stirred for another one hour and cooled overnight at 5°. The precipitated crude 
material was filtered, washed with water, alcohol and acetone. The yield of the crude 
materia! was 3.6 g. The chemical assay of the material showed the presence of 25% 
of the active material. 

The crude material (2 g.) was dissolved in o.1N-NaOH (300 ml.) by heating to 
80° and aqueous calcium chloride solution (20%, 4 ml.) was added. The mixture was 
centrifuged and to the supernatant liquid aqueous ZnCl, solution (10%, 5 ml.) was 
added with stirring. ‘The mixture was adjusted to py 11.5 with 5N-NaOH and again 
centrifuged. Theclear liquid was adjusted to px 7.0, treated with active charcoal 
‘0.5 g.) at 80° and filtered. The clear light yellow filtrate was again heated to 80° 
and the pa was adjusted to 3.5 with 5N-HCI and allowed to stand for 24 hours at 5°. 
The light yellow precipitate was collected by centrifugation. It was suspended in 
water (50 ml.) and heated to 80°. The pa was adjusted to 8 with Mg and again 
centrifuged. The clear light yellow liquid was again treated wlth active charcoal 
(o.2 g.) at 80° and the filtrate was adjusted to px 3.5 with 5N-HC1 and allowed to 
stand at 5° for 12 hours. The precipitate obtained was collected and the operation 
was repeated once again. Finally 110 mg. ofa light yellow product was obtained. 
The analytical sample was crystallised from hot water and dried at 1roo°/1 mm. The 
substance had no definite melting point; it charred above 320°. (Found: C, 50.21; 
H, 5.173 N, 29.21. CisHisON, requires C, 59.58; H, 5.00; N, 29.78 per cent). 

The compound (I) was oxidised with alkaline permanganate according to Seeger 
et al. ‘ioc. cit.) and the product was shown to be 2-amino-4-hydroxypteridine-6- 
carboxylic acid (IV) by comparison of the ultraviolet absorption curve with that of an 
authentic sample. 

3 N-{(2-Amino-4-hydroxy-6-pteridyl)-methyl}-amino]-toluene (II) was synthesised 
by using the same amounts of 2:4:5-triamino-6-hydroxypyrimidine sulphate, 2 : 3- 
dibromopropionaldehyde and m-toluidine as in the case of (I). The yield of the crude 
material was 3.92. It was found to contain 20% of the active material by chemical 
assay. The crude product was purified asin the case of (I) when orange-yellow micro- 
crystalline material was obtained. It had no definite melting point. (Found: C, 
58.94; H, 5.26; N, 28.95. C,s4H.,ONs requires C, 59.58; H, 5.00; N, 29.78 per cent). 

The U.V. absorption maxima and minima are shown in Table I. It yielded the 
corresponding pteridine-6-carboxylic acid on alkaline permanganate oxidation. 

4LN-{(2-Amino-4-hydroxy-6-pteridyl)-methyl}-amino]-toluene (III) was prepared by 
using the same method as in the case of (I) except that p-toluidine was used in the 
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synthesis. The crude product was shown to contain 20% of the active material by 
chemical method of assay. The yield of the crude product was 2.8g. The crude 
product was purified as in the case of (I) when an orange-yellow materia! was obtained. 
It had no definite melting point. (Found: C, 58.61; H, 5.28; N, 28.58. C..Hi,ON, 
requires C, 59.58; H, 5.00; N, 29.78 per cent). 


The U.V. absorption maxima and minima are shown in Table [. It yielded the 
the corresponding pteridine-6-carboxylic acid on oxidation with alka'ine permanganate. 

The author is much indebted to Dr. B. C. Guha and Dr. S. C. Roy for their kind 
interest in the work. Thanks are also due to M/S Hoffmann La Roche & Co., Ltd., 
Basle, Switzerland and East Indian Pharmaceutical Works Ltd., Calcutta, for the gift 
of some materials. A part of the work was supported by a grant from the Indian 
Council of Medical Research. 


DEPARTMENT OF APPLIED CHEMISTRY, 
UNIVERSITY COLLEGE OF SCIENCE & TECHNOLOGY, 
CALCUTTA. Received February 27 1954. 
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MOLECULAR WEIGHT DISTRIBUTION OF BENZYLCELLULOSE 


By HITENDRA BHUSAN ROY 


Fractionation studies were carried out on benzylcellulose samples prepared by different methods, 
using fractional precipitation method with alcohol as non-solvent. Combustion results indicated that 
the different fractions were identical in chemical composition. and naturally differed only in chain 
length. Average molecular weight of each fraction was determined by the viscometric method 
and distribution curves were constructed. The fractionations were found to be perfectly regular 
under identical conditions, and also very sharp as ‘indicated by turbidity titration. With variations 
in the conditions of preparatiion, the fractionation curves showed appreciable variation in shape. 


Both the natural and synthetic high polymeric substances are mixtures of 
individual molecules which may differ in size, shape and even in chemical composition. 
The synthetic substances may, however, be homogeneous in all respects but molecular 
size. Staudinger (‘‘ Die hochmolekularen organischen verbindungen,’’ Springer, 
Berlin, 1932) has introduced the term ‘‘ homologous polymeric series ’’ for a series of 
linear polyniers whose members differ in degree of polymerisation but not in chemical 
composition. Many high polymeric substances are found to be mixtures of membeis 
of such homologous polymeric series. 

Since many of the industrially important properties of high polymers depend on 
the shape of the molecular weight distribution curve, it is important that for any 
polymeric substances the size distribution curve should be determined before trying 
to find its industrial application. 

In the preparation of a cellulose derivative various methods can be employed and 
since different chemicals bring about the degradation of cellulose chains to different 
extents, it may be expected that the molecular weight distribution curve of a cellulose 
derivative, prepared by different methods, will be different. With a view to testing 
this point molecular weight distribution curves for benzylcellulose, prepared by different 
methods, have been determined by the fractional precipitation method, the results of 
which are reported in the present paper. 


ExPERIMENTAL 


Preparation of Benzylcellulose 


Three-step Process.—The process recommended by Dorée (‘‘ Methods of Cellulose 
Chemistry’’, p. 324, Chapman & Hall Ltd, London, 1947) was followed with some 
modification. «%-Cellulose (ro g.) was digested with 20% NaOH for about 12 hours, 
and the alkali was pressed out till the weight of moist cellulose was about 33 g. 
Benzyl! chloride (16.5 g.) and 25% NaOH solution (27 c.c.} were added to the treated 
z-cellulose, and heated on a water-bath with occasional vigorous shaking for 6 hours. 
The cellulose mass was washed with water, the liquid squeezed out as much as possible, 
and the mass heated on the water-bath for 12 hours with benzyl chloride (33 g.) and 25% 
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NaOH (27 ¢.c.). The process was repeated once more with fresh amounts of benzyl 
chloride and alkali. The crude mass was washed with water, then with petroleum 
ether and finally subjected to steam distillation to remove the last traces of benzyl 
chloride and benzyl alcohol. The dibenzylcellulose was extracted with chloroform 
in a soxhlet and precipitated out of chloroform with alcohol. (Found: C, 69.71% ; 
H, 6.25%). 

One-step Process.—The method recommended by Nakashima (J. Soc. Chem. Ind. 
Japan, 1929, 32, 108) was followed with modification. «-Celluiose (10 g. was treated 
with 50% NaOH for 12 hours. Alkali was pressed out till the weight of cellulose 
was 33.3 g. when the mags was heated in an oil-bath at about 110° with 50% solution 
of benzyl chloride (1v0c.c.) in toluene for 6 hours. The dibenzyl derivative was 
isolated in exactly the same way as stated above. (Found: C, 69.43; H, 6.31. Cale. 
for dibenzy] derivative: C, 70.2; H, 6.43 per cent). 

In one modification of the above method the alkalj treatment and heating with 
benzyl chloride were perforined in a nitrogen atmosphere to eliminate the degrading 
effect of atmospheric oxygen. In yet another modification, the alkali-treated cellulose 
was heated with toocc. of benzyl chloride in an oil-bath to about 140° to study 
the effect of the diluent toluene on the molecular weight distribution. 


Fractional Precipitation Procedure.—It is based on the principle that the solubility 
of high molecular weight compounds in different solvent-precipitant mixtures is a 
function of its molecular weight or rather chain length. Hence, as the amount of 
precipitant added to the solution of a polymer is increased stepwise, the polymers are 
precipitated in the decreasing order of their molecular weights. The next step is the 
determination of the amount of precipitate and its molecular weight by the viscosity 
method, and thus to construct the distribution curve. 


Choice of Precipitant.—In an actual fractionation experiment, the choice of solvent 
and precipitant is of prime importance. It was found in the present investigation 
that amount of alcohol needed to start precipitation in a chloroform solution of benzyl 
cellulose was much larger than that of petroleum ether needed for a benzene-alcohol 
solution of the ether. Further, at the same concentration of benzylcellulose, amount 
of alcohol required to precipitate the total benzyl ether was much larger (about ro times) 
than that of petroleum ether, and consequently, a greater spread on the molecu'ar 
weight scale was possible with alcohol. Hence, alcohol was chosen as the precipitant. 

Sharpness of Fractionation.—It should, however, be accepted that even the best 
fractionation method will not be able to produce compounds of perfectly uniform chain 
length. The method of determining the sharpness of fractions is based on the fact 
that homogeneous molecules are insolubilised sharply in a mixture of solvent- 
precipitant combination, while heterogeneous molecules can only be insolubilised 
completely over a wide range of such mixtures. This property has been utilised in 
determining the precipitation point of a substance in turbidimetric method and has 
also been applied to the present case. 

About ten fractions were prepared by precipitating benzylcellulose from chloro- 
form solution with ethyl alcohol. Some of these fractions (with workable amounts) 
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were dissolved in chloroform to the extent of about 1% and alcohol was added to it 


Fic, I stepwise with proper shaking. Intensity of 
’ ee ee eee light transmitted by the solution at each stage 
7 was measured in a Lumetron and the per- 
| centage of light transmitted was plotted 
| against the volume of precipitant added. 
The results are shown graphically in Fig r. 
(In order to accommodate all the curves in 
Fig. 1, measurements with different fractions 
were taken from different points attained 
by the addition of different amounts of 
precipitant initially). It may be observed that 
inflections in the curves are very sharp, 
the precipitation being completed within a 
range of about o.5 c.c. of alcohol, i.e. 
within a range of about 2to5% of the total 
volume. Only in the case of the last 
fraction (FX) is the curve less steep. This 
is to be expected since the last fraction 
—- he Ge EE Dee Eee contains the extremely low molecular weight 

Precipitant (c.c ). fractions for which a sharp precipitation point 
cannot be obtained. 

Chemical Composition of the Fractions.—Before proceeding to the description of 
actual fractionation experiment and construction of molecular weight distribution 
curve, it is desirable to show that the fractionation is according to chain length and 
not to varying chemical composition. With this end in view, a chloroform solution of 
benzyl ether was fractionated into four fractions and each fraction was analysed 
for its benzyl content by delermining carbon and hydrogen. The results are 
summarised in Table I. 
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TABLE I 
Fractions. % Carbon. % Hydrogen. 
I 68.71 6.72 
II 69.33 6.05 
III 69.51 6.00 
lV 69.11 6.42 


The results evidently show that the fractions are of fairly constant composition and 
the precipitation is not due to any large difference in chemical composition. 


Fractionation and Molecular Weight Distribution.—In order to study the complete 
molecular weight distribution curves for different samples of celiulose benzyl ethers, 
a 4% solution of the same in chloroform was prepared and to 25 ¢.c. of this solution 
ethyl alcohol was added froma burette with proper shaking until sufficient precipitate 
appeared. It was then slightly warmed ona water-bath with shaking till all the 
precipitate had dissolved. It was kept in a thermostat at 35°+0.02° for 12 to 14 hours. 
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The supernatant liquid was theri decanted off and treated similarly with alcohol for 
further fractions. Each fraction was then dried, weighed and dissolved in chloroform, 
and the intrinsic viscosity was determined. From the intrinsic viscosity the molecular 
weight was calculated by using the constant determined previously (Basu and Roy, 
J. Soc. Ind. Res., 1952, 11B, 94). 


These results were then plotted in the form of graphs of per cent remaining in 
solution (G) against molecular weight (M). From the tangents at each point in the 
curve, differential weight distribution curves were drawn by plotting the tangents 
against the corresponding molecular weights (Figs. 2 and 3). 


FIG. 2 
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Differential distribution curve 
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DISCUSSION 


lt may be observed from Fig. 3 that the weight distribution curves for benzyl 
ethers obtained by one-step and three-step processes are very sharp and are quite similar, 
the only difference being in the position of the maximum which is at a higher molecular 
weight in the one-step process than that in the three-step process. This is expected 
on general considerations since the degradation of the cellulose“molecules is so enormous 
during etherification that a more or less homogeneous product is formed, and since the 
average molecular weight of the ether by the one-step process is higher than that by 
the three-step process, the maximum in the curve is at a higher molecular weight in 
the former than in the latter. 


When, however, variations in the conditions in the one-step process are considered, 
the fractionation curves show appreciable variation in shape. Thus, in the one-step 
process with toluene as diluent, the weight distribution curve shows one maximum at 
a molecular weight of about 15,000. With the one-step process without diluent, the 
curve shows two peaks, one at a molecular weight of about 9,500 and the other at 
24,500 (Fig. 2). The heights of the two peaks are nearly the same. When again we 
consider the case of one-step process with toluene as diluent in nitrogen atmosphere, the 
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peculiarity in the shape of the fractionation curve becomes still more marked. It 
contains three peaks at the molecular weights of 9,500, 20,500 and one above 35,000 
(probably above 40,000 because the first two fractions are insoluble in chloroform 
although it was found that a compound with molecular weight of about 40,000 was 
completely soluble in chloroform). With the present position of our knowledge about 
the reactivity of cellulose molecules and the course of such a heterogeneous reaction 
as Cellulose etherification, it is not possible to put forward any explanation as to the 
cause of such a peculiarity. 


Another interesting point in connection with fractionation of benzyl ether prepared 
in a nitrogen atmosphere is that although the unfractionated sample is completely 
soluble iu chloroform, the first two fractions, obtained by precipitating from chloroform 
with alcohol, are insoluble in chloroform and can be dissol ved only with chloroform- 
alcohol mixtures. This demonstrates neatly the effect of lower molecular weight 
compounds in solubilising higher homologues in chloroform, in which they are insoluble 
by themselves. 

Some peculiarities were noted by Okamura (Cellulose Chem., 1933, 14, 135) while 
fractionating a sample of benzylcellulose from benzene-alcohol mixtures with petroleum. 
They observed that the precipitation was rather irregular and the fractions came out 
in the reverse order. In order to verify these observations, the experiment was 
repeated, but the fractionation was perfectly regular under these conditions. It may 
be stated that the peculiarity noted by Okamura (loc. cit.) is probably due to some 
heterogeneity in the substitution and chemical composition of the product used by 
them, and is not the effect of solvent-precipitant combination, as has been referred 
to by the above author. 


When, however, the differential weight distribution curve was constructed, some 
peculiarities were nuted even with our products. As 


FIG. 4 
is evident from the graph in Fig. 4, the differential 





a | weight distribution curve contains two peaks at the 


molecular weights of about 17,000 and 30,000 res- 
pectively. When the same sample was fractionated 


a from chloroform solution with alcohol, the fractiona- 


tion curve was very sharp (Fig. 3) with one peak at 
the molecular weight of about 15,000. 


gg x 1" 


| It was found from precipitation titrations that 








a eae |] although the first fraction from benzene-alcohol mixture 
' ny penne Coa Se oe with petroleum ether gave quite a sharp inflection, the 
second fraction was more or less heterogeneous and the precipitation took place over a 
rather large range of concentration of the precipitant (about 10%). On the other 
hand, the fractionation of the same sample from chloroform solution with alcohol gave 
fairly sharp fractions (Fig. 1), as shown previously, 

This particular behaviour can also be explained if it be assumed that the precipita- 
tion character of the molecules in different solvent-precipitant combinations varies 
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with the molecular weight and tends to attain a constant value above a particular 
molecular weight in different solvent-precipitant systems. Sufficient indications were 
obtained by Lowell and Hibbert (J. Amer. Chem. Soc., 1939, 61, 1916) for the existence 
of such peculiar solubility characteristics in hemicolloidal polyoxyethylene glycols in 
methanol-ether solutions. 


‘Thanks are due to Prof, Santi R. Palit and Dr. Sadhan Basu for their kind interest 
and helpful suggestions. 


DEPARTMENT OF PHYSICAL CHEMISTRY, 
INDIAN ASSOCIATION FOR THE CULTIVATION OF SCIENCE, 
JaDAvPuUR, CALCUTTA. Received March 15, 1954. 
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ORTHO ESTERS OF TITANIUM 


By J. C. Guosu, B. N. GHosH Mazumpar, A. K. Bose 
AND R. SEN GUPTA 


A method has been developed for the synthesis of mixed tetra-ortho esters of titanium. Speer’s 
contention that no tetra-ortho ester is obtained by the treatment of titanium tetrachloride with 
an alcohol and an organic base has been corroborated. 

A stepwise mechanism for the formation of a tetra-ortho ester from titanium tetrachloride has 
been discussed. 

In connection with polymerisation studies of titanium compounds, we were interes- 
ted in preparing wixed tetra-ortho esters in which the alkoxy groups would be derived 
from different alcohols. No such esters seem to have been reported so far. 

Dichloro-dialkoxytitanium (1), which is readily obtained by heating under reflux 
a mixture of an alcohol with titanium tetrachloride (Cullinane, Chard, Price and 
Millward, J. Appl. Chem., 1952, 250), seemed to be a logical starting material. We have 
observed that when such a compound, for example, dichlorotitanium di-n-butoxide 
(I, R=nBu), is treated with an alcohol in presence of pyridine, a reaction readily takes 
place and the product is chlorotitanium trialkoxide (II). 


+R”ONa 
Cl.Ti (OR), + R’'OH + ae (OR), --— stadt. | (OR), 


(I) (II) , OR’ (III) OR’ 


Even when this reaction is carried out at a higher temperature, the product is the 
sane. The chlorine atom remaining can, however, be replaced by an alkoxy group by 
treating ‘II) with sodium alkoxide. 

The last chlorine atom can also be replaced by treating (II) with an alcohol and 
ammonia. Several mixed tetra-ortho esters of titanium have been prepared by us by 
using the above sequence of reactions. 

When chlorotitanium tri-n-popoxide (II, R= R’=Pr) was treated with one equivalent 
of sodium butoxide in an excess of butyl alcohol, the reaction product was tributoxy- 
titanium propoxide (IJI, R=R’ = nBu; R’=Pr), showing that trans-esterification had 
taken place. When, however, no free butyl aicohol was present, the reaction product 
was the desired tripropoxytitanium n-butoxide (ITI, R=R’=Pr; R’=nBu). 

Patents claim (B.P. 479,470/1938; U.S.P. 2,187,821/1940) that a good yield 
of titanium tetra-ortho esters, Ti(OR),, cam be obtained by using ammonia or an 
organic base to remove the hydrogen chloride liberated in the reaction between 
an alcohol, ROH, and titanium tetrachloride. Speer ‘J. Org. Chem., 1949, 14, 655) 
has, however, reported that the use of neither ammonia nor an organic base in his 
hands led to the production of tetra.esters of titanium. Recently ammonia has success- 
fully been used for the large-scale preparation of tetrabutyl titanate (Kraitzer, Mc- 
Taggart and Winter, J. Coun. Sci. Ind. Res., Australia, 1948, 21, No. 4) and the labora- 
tory-scale preparation of several tetra-alkyl titanates (Cullinane and Chard, Nature, 
1949, 164, 710) from titanium tetrachloride. No further work has been reported about 
the usefulness of organic bases. 
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On the basis of a reinvestigation of the reaction between titanium tetrachloride and 
an alcohol in presence of an organic base, we confirm Speer’s finding that tetra-ester 
is not obtained by this method. We allowed butyl alcohol, titanium tetrachloride and 
pyridine or aniline to react, but no distillable product could be isolated from the reaction 
mixture. This experiment was repeated several times with the same result excepting 
once, when a liquid distilled over in a moderate yield. ‘The liquid was identified to be 
chlorotitanium tri-n-butuxide on the basis of its analysis. When propyl alcohol was 
substituted for butyl alcohol, a minute amount of a product was obtained on distillation, 
most of which solidified on cooling and was found to contain chlorine. 

Presumably the interaction between an alcohol and titanium tetrachloride to afford 
a tetra-ester proceeds stepwise. 

as ¥ ry 
Cl—-T+-Cl + ROH ——> ROW Het een ai ian 


Cl Cl Cl 
OR 1m 
ee R <— R — 
OR Cl 


In keeping with this mechanism is pur finding that when dichlorotitanium di-n- 
butoxide or chlorotitanium tri-n-butoxide is treated with butyl alcohol and ammonia, 
titanium tetrabutoxide is afforded in good yield. 

In the light of this mechanism, our observation that dichlorotitanium di-n-butoxide 
yields chlorotitanium trialkoxide and not a tetra-ester on treatment with an alcohol and 
an organic base like pyridine further supports Speer’s contention. 


Swain, Esteve and Jones (J. Amer. Chem. Soc., 1949, 71, 965) have proposed that 
the first step in the hydrolysis of chlorosilanes involves the reversible formation of a 
penta-covalent intermediate which then decomposes into the product in the second and 
rate-controlling step. Like silicon, titanium can also expand its valency shell to 
accommodate more than eight electrons. A mechanism analogous to that suggested 
by Swain etal. (loc.cit.) can be advanced for the reaction between chlorotitanium 
compounds and an alcohol. 


x cr * 
| agen 
CI—Ti—Y + ROH R-O Ti—Y 
<< 
| | Al 
Z H Z 
x x 
| + . 
R—O—Ti—Y + HCl a ‘ma -Y+Cl 





Z H Z 
[X, Y and Z=Cl or OR] 
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Since the chloro substituent is much more electron-attracting than an alkoxy substi- 
tuent, the replacement of chlorine by an alkoxy group would make the titanium atom 
less positive, and thus, hinder the co-ordination step. This reaction mechanism explains 
satisfactorily the increase in resistance to alcoholysis as the number of chloro substituents 
on the titanium atom decreases successively. 


EXPERIMENTAL 


In these experiments all-glass apparatus was used throughout. Determination of 
TiO, equivalent was carried out by using the procedure followed by Speer (/oc.cit.). 


1. Reaction between Dichlorotitanium Di-n-butoxide and Alcohols 


(A). Chlorotitanium Tri-n-butoxide.—To dichlorotitanium di-n-butoxide (55 g., 
0.207 mole) diluted with dry benzene was added with shaking buty! alcohcl (40 ml., 0.42 
mole). The reaction mixture became hot and its colour changed from brown to light 
yellow. It was cooled to room temperature and to it was added pyridine (25 iml., 
excess). Again much heat was evolved and on cooling small white crystals began to 
form. After allowing the reaction mixture to stand overnight dry benzene was added 
to it. The benzene extract was submitted to vacuum distillation after removing the 
benzene and the unchanged butyl alcohol. A clear liquid (43 g., 60%) of light yellow 
colour was collected at 160°-190°/1-—1.5 mm. [Found: TiO, equiv., 27.07. Calc. for 
CITi (OBu), : TiO, equiv., 26.44%). 

In another run dichlorotitanium di-n-butoxide (16.9 g., 0.063 mole) was diluted 
with benzene and butyl aicohol (15 mi., 0.16 mole) was added to it. After some time 
10 ml. of pyridiue was added and the reaction mixture was heated under reflux for 2 
hours. On vacuum distillation 9.5 g. (49%) of chlorotitanium tri-n-butoxide was 
obtained. (Found: TiO, equiv., 26.64%). 

(B). Chloro-isopropoxytitanium Di-n-butoxide.—isoPropy] alcohol (5.1 g., 0.08 
mole) was added to dichlorotitanium di-n-butoxide (19.0 g., 0.07 mole). After 
cooling the reaction mixture in ice-cold water, 7.5 ml. of pyridine was added. Heat 
was evolved again. After storing overnight the reaction mixture was worked up as in 
(A); a pale yellow liquid (7.9 g., 40%) distilled out at 152-54°/o.8 mm. [Found: TiO, 
equiv., 27.61: CITi (OC;H,) (OC,H,), requires TiO, equiv., 27-73%]. 

(C). Chloro- ethoxytitanium Di-n-butoxide.—By a simialr reaction 5g. (30%) of 
chloro- ethoxytitanium di-n-butoxide distilling at 140°-160°/1—1.5 mm, was obtained 
from 15.0 g. (0.056 mole) of dichlorotitanium di-n-butoxide, 6 ml. (0.1 mole) of ethyl 
alcohol and 9 ml. of pyridine. [Found: TiO, equiv., 28.66%. CITi (OC,H;) (OC,Hy,), 
requires TiO, equiv., 28.22% ]. 

(D). Chloro-allyloxytitanium Di-n-butoxide.—By a similar reaction, 5 g. (30%) 
of chloro-allyloxytitanium di-n-butoxide was obtained from 15 g. {0.056 mole) of di- 
chlorotitanium di-n- butoxide, 7.5 ml. of allyl alcohol (0.1 mole) and 7 ml. of pyridine. 
This compound distilled at 162°-180°/1.5-2 mm. [Found : TiO, equiv., 27.35. CITi- 
(OC;Hs) (OC,H,). requires TiO. equiv., 27.92% ]. 

{(E). Titanium Tetra-n-butoxide.—A cooled .solution of dichlorotitanium di-n- 
butoxide (27 g., 0.1 mole) in dry benzene was added to chilled butyl alcohol (50 g., 





excess) saturated with ammonia. A white precipitate was produced but the smell of 
ammonia persisted. After centrifuging away the solid, the reaction mixture was 
submitted to vacuum distillation. A colorless liquid (15 g., 44%) distilled out at 
166°;o.8 mm. This liquid was found to be free from halogen. [Found: ‘TiO, 
equiv., 23.40. Calc. for Ti(OC;H»),: TiO, equiv., 23.50% ]. 


II. Reaction between Chlorotitanium Trialkoxide and Alcohols 


(A). Titanium Tetrabutoxide.—Sodium n-butoxide, prepared by heating under 
reflux sodium (1.0 g., 0.043 mole) with n-butyl alcohol (25 ml., 0.33 mole), was added 
to a solution of chlorotitanium tri-n-butoxide (9.5 g., 0.031 mole) in 2 ml. of dry 
benzene. An _ iimmediate turbidity developed. After storing overnight the reaction 
mixture was submitted to vacuum distillation, when a light yellow oily liquid (5 g., 47%) 
was collected at 168°/1.0 mm. (Found: TiO, equiv., 23.15%). Sodium fusion test 
showed the absence of halogen. 

In a reaction similar to (E), above, a solution of chlorotitanium tri-n-butoxide (15 g., 
0.049 mole) in dry benzene was added to butyl alcoliol (excess), saturated with dry 
ammonia gas. The product was a colorless liquid (7 g., 41%) which distilled at 
170-72°/1.0mm. Flame test showed the absence of halogen. (Found: TiO, equiv., 
23.39%). 

(B). Methoxy-isopropoxytitanium Di-n-butoxide.—In a reaction similar to the 
preceding compound (A}, a suspension of sodium methoxide (1.5 g.) in dry benzene was 
added to isopropoxychlorotitanium di-n-butoxide (6 g., 0.02 mole) diluted with dry 
benzene. A pale yellow liquid (2.5 g., 42%) was collected at 160°/2.5 mm. [Found: 
TiO, equiv., 27-07. (C;H;O) (CH;O) ‘Ti (OC,H,), requires TiO, equiv., 28.16% ]. 


(C). n-Butoxytitanium Tri-n-propoxide.—In a reaction similar to II (B), a solution 
of chlorotitanium tri-n-propoxide was added toa solution of sodium butoxide (from 1.5 g. 
of sodium, 10% excess) in excess of butyl alcohol. ‘The reaction product distilled at 
156°/o.8 mm. as a pale yellow liquid in 82.3% yield. [Found: TiO, equiv., 24.36. 
(C,H,0) ‘Ti (OC;H;), requires TiO, equiv., 26.85% and (C,H,O),; Ti(OC,H;) requires 
TiO, equiv., 24.53%]. The analysis indicates that the product is isopropoxytitanium 
tri-n-butoxide and trans-esterification must have taken place. 


In another exyeriment a benzene suspension of sodium butoxide, free from butyl 
alcohol, was added to a solution of chlorotitanium tripropoxide (15 g., 0.057 mole). 
The reaction product was a pale yellow liquid (10 g., 60%) that distilled at 
142-46°/o.4mm. This liquid was redistilled and a middle fraction distilling at 131°/0.3 
mm. was collected for analysis. [Found: TiO, equiv., 26.63. (C,H,O)Ti(OC,H;),; 
requires TiO, equiv., 26.85% ]. 

(D). isoPropoxytitanium Tri-n-propoxide.—By a similar reaction isopropoxy- 
titanium tri-n-propoxide (6 g., 36.6%) was obtained from chlorotitanium tri-n-propoxide 
(15 g., 0.057 mole) and alcohol-free sodium isopropoxide (prepared from 1.46 g. of 
sodium). It was a liquid distilling at 132°/o.6mm. [Found: TiO, equiv., 27.89. 
(iso-PrO)-Ti (OPr); requires TiO, equiv., 28.14%]. 
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III. Reaction between Titaninm Tetrachloride and Alcohols 


(A). Using Aniline as the base.—Titanium tetrachloride (28.1 ml., 0.25 mole) 
was added dropwise to ice-cold butyl alcohol with stirring. The reaction mixture turned 
dark brown. After about one hour aniline (115 ml.) was added slowly with continuous 
stirring. A thick white solid was precipitated. After storing overnight the reaction 
mixture was worked up in the usual manner but no distillable product could be isolated. 

In another run, the reaction mixture was stored for several days. Benzene was 
then added and the solid was removed by centrifuging. The liquid so obtained was 
submitted to distillation under vacuum and a light yellow liquid was collected at 
162°/o.7mm. [Found: TiO, equiv., 25.36. Calc. for Ti (OC,H,),.: TiO, equiv., 23.50% 
and calc. for CiITifOC,H,);: TiO, equiv., 26.44%]. The product was found to 
contain chlorine. 

(B). Using Pyridine as the base.—The general procedure was the same as in III 
(A) excepting that pyridine was substituted for aniline. In some experiments the reac- 
tion mixture was allowed to stand at room temperature for several hours and in some 
experiments the reaction mixture was heated under reflux for a few hours. In all runs 
excepting the one described below no distillable product was obtained. 

In one run 28 ml. (0.25 mole) of titanium tetrachloride, 137ml. (1.5 mole) of butyl 
alcshol and 98 ml. of pyridine were reacted together. The reaction mixture was first 
stored at room temperature for 8 hours and then heated under reflux for 4 hours. The 
distillable reaction product (140°-160°/1-1.5 mm.) was a pale yellow liquid (20.5 g.). 
This was redistilled and the narrow boiling fraction (4.5 g., 160°/2 mm.) was submitted 
to analysis. [Found: TiO, equiv., 27.05. Calc. for CITi(OC,H,)s: TiO, equiv., 26.44%]. 

In another run isopropyl alcohol was used in place of n-butyl alcohol. The distill- 
able product was 1.5 g. of a colorless liquid which solidified on cooling. Sodium fusion 
showed that this substance contained halogen. 
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SOME PHENANTHROLINE DERIVATIVES, PART I. SYNTHESIS 
OF ..:5-DIHYDROXY-2:7-DIMETHYL- AND 4:5-DICHLORO- 
2:7 DIMETHYL-p-PHENANTHROLINES 


By B. P. BANGDIWwALA AND C. M. Dgsar 


4-Hydroxy-2-methy!-6-acetamido- and 4-hydroxy-2-methv]-6-amino-quinolines have been prepared. 
The preparation of 4 :5-dihydroxy-2 :7-dimethyl- and 4 :5-dichloro-2:7-dimethyl-p-phenanthrolines is 


described. 


Backeberg (J. Chem. Soc., 1935, 1568) condensed p-aminoacetanilide with ethyl 
acetoacetate and obtained ethyl &-‘p-acetamidoanilino)-crotonate. He, however, could 
not convert it into a 4-hydroxyquiuoline derivative. This has, however, since then been 
cyclised by Kermack (ibid., 1939, 563) and later by Pratt and Archer (J. Amer. Chem, 
Soc., 1948, 70, 4065) to 4-hydroxy-2-methyl-6-acetamidoquinoline which on acid 
hydrolysis afforded 4-hydroxy-2-methyl-6-aminoquinoline. 4-Hydroxy-2-methy]-6-acet- 
amidoquinoline has also been obtained by reduction of 4-hydroxy-2-methyl-6-nitro- 
quinoline, followed by acetylation of the amino derivative (Kermack, loc. cit.). 

Kermack et ai. (J. Chem. Soc., 1940, 1164 ; 1045, 375; 1046, 155 ; 1949, 1017) 
obtained a number of p- and m-phenanthroline derivatives and these were assigned the 
angular structure in accordance with the views of Skraup and Vortmann ‘Monatsh., 1883, 
4, 571). Kermack and Douglas ‘loc.cit.) also condensed p-phenylenediamine with ethoxy- 
methylene-malonic ester and obtained the intermediate bis-crotonate which cou'd be 


cyclised only in diphenyl ether to afford 4 :5-dihydroxy-3 :6-dicarbethoxy-p-phenan- 


throline. 
With p-phenylenediamine and two moles of ethyl acetoacetate, Backeberg (loc.cit.) 


obtained ethyl p-phenylene-bis-8-aminocrotonate, which did not seem to have been 
cyclised. 

In extension of our work on the synthesis of 4-hydroxyquinolines using acetic anhy- 
dride and sulphuric acid (Bangdiwala and Desai, this issue, p. 714) ethyl 8-(p-acetamido- 
anilino)-crotonate was cyclised using acetic anhydride and sulphuric acid to 4-hydroxy- 
2-methyl-6-acetamidoquinoline which on acid hydrolysis gave 4-hydroxy-2-methy]-6- 


aminoquinoline. ‘These were converted into their 4-chloro derivatives by treatment with 


phosphorus oxychloride. 
It was also thought interesting to see whether p-phenanthroline derivative containing 


two hydroxyl groups (where there is a possibility of introducing two basic side-chains) 
could be obtained by means of a double cyclisation of the intermediate ethyl p-phenylene 
bis-8-aminocrotonate, prepared from /-phenylenediamine and two moles of ethyl 


acetoacetate. 
Attempts to cyclise the above bis-crotonate with Ac,0—H,SO, having been 


unsuccessful, Price-Roberts’ synthesis (J. Amer. Chem. Soc., 1946, 68, 1204) was 
resorted to as the Conrad-Limpach synthesis was reported to have failed in such cases 
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involving double cyclisation (Kermack and Douglas, loc.cit.), with the successful 
smooth cyclisation yielding 4 :5-dihydroxy-2 :7-dimethyl-p-phenanthroline, which on 
treatment with POCI, afforded 4 : 5-dichloro-2 : 7-dimethyl-p-phenanthroline. 

Tke possibility that the new compound might be the linear diaza-anthracene deriva- 
tive and not the angular p-phenanthroline derivative may be neglected in view of the 
large mass of evidence which shows that an angular structure is formed in preference to 
the linear one when both are possible products of a reaction (Kerimack et al., loc.cit. 
Lellmann and Schmidt, Ber, 1887, 20, 3154; von Braun and Gruber, Ber., 1922, 55, 
1710; Skraup and Vortmann, loc.cit.). 





Further evidence about the structure of 4:5-dihydroxy-2 : 7-dimethyl-p-phenan- 
throline was provided by its synthesis from 4-hydroxy-2-methyl-6-aminoquinoline and 
ethyl acetoacetate. 4-Hydroxy-2-methyl-6-aminoquinoline was condensed with ethyl 
acetoacetate yielding ethyl 8-[6’-(4-hydroxy-2-methylquinolyl)-amino]-crotonate. Cyclisa- 
tion by the thermal method afforded 4 :5-dihydroxy-2 : 7-dimethyl-p-phenanthroline, 
identical with the one obtained from p-phenylenediamine and two moles of ethyl 
acetoacetate by double cyc:isation of the intermediate bis-crotonate. Further work is 
on hand. 

EXPERIMENTAL 


«-Hydroxy-2-methyl-6-acetamidoquinoline.—Ethyl 8-{p-acetamidoanilino)-crotonate 
(13.1 g.), prepared according to the method of Pratt and Archer (loc.cit.), was dissolved 
in acetic anhydride (50 c.c.), and H,SO, (12 ¢c.c.) was added to it when considerable 
heat was developed. It was allowed to cool to room temperature, poured on ice and 
neutralised with NaOH (conc.). The product separating was collected, washed with 
water and dried, yield 6.1 g. (56.5%). It was crystallised from alcohol, m.p. 364°. 
Kermack (loc.cit.) gives m.p. 365°. Mixed m.p. with an authentic specimen prepared 
by the thermal method was undepressed. 

4-Hydroxy 2-methyl-6-aminoquinoline.—The preceding quinoline (5 g.) was hydro- 
lysed by boiling it with 25% HCl (400 c.c.) for rt hour, cooled and neutralised with 
NaOH. The product separating was collected, washed with water and dried (3.8 g., 
95%). It was crystallised from alcohol, m.p. 345°. Kermack (loc.cit.) gives m.p. 345°. 
(Found: N, 16.0. Calc. for C,,H,,ON.,:N, 16.1 percent). Its alcoholic solution gave 
ared colour with FeCl, solution. When diazotised, it coupled with §-naphthol in 
NaOH to give an orange dye. 

4-Chloro-2-methyl-6-acetamidoquinoline (Kermack et al., loc. cit.) melted at 209-10°. 
4-Chloro-2-methyl-6-aminoquinoline (Kermack, loc.cit.) melted at 144-45°. 





Condensation of Ethyl Acetoacetate with p-Phenylenediamine 


Ethyl p-Phenylene-bis-8-aminocrotonate.—Pure p-phenylenediamine (32.4 g.) and 
ethyl acetoacetate (78g., 2 moles) were heated on a water-bath for 1 hour. Methanol 
(160 c.c.) was added to it and the mixture heated in a steam bath for 4 hours more. 
The mixture was allowed to cool and left overnight. The crystals separating were 
filtered off. The mother-liquor gave a further amount of the same product, total yield 
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90g. (90.3%). It was crystallised from ethyl acetate, m.p. 135°. Backeberg (loc.cit.) 
gives m.p. 135°. (Found:N, 8.5. Calc. for C:sH.40,N,: N, 8.4 per cent). 


4:5-Dihydroxy-2 : 7-dimethyl-p-phenanthroiine.—Pure ethyl p-phenylene-bis-f-amino- 
crotonate (16.6 2.) was added to boiling diphenyl ether (166 c.c.) over a period of 10 
minutes and heating was continued for further 15 minutes. The whole mixture was 
diluted with light petroleum. The product was collected, washed with light petroleum, 
then with a little ether and dried (11.6 g., 96.6%). It was crystallised from 70% alcohol 
in white fluffy needles, m.p. 345°. (Found: N, 11.5. C,,H,,.0O.N, requires N, 11.7 
per cent). It is soluble in dilute sodium hydroxide and in acids. Its alcoholic solution 
gave red colour with a neutral FeCl, solution. 
4:5-Dichloro-2 :7-dimethyl-p-phenanthroline was prepared by refluxing the preced- 
ing p-phenanthroline (5 g.) with POCI, (75 ¢.c.) for 2 hours. The mixture was cooled 
and excess of POC], removed in vacuum. The residue in the flask was poured on 
chilled ice (400 g.) and neutralised with strong ammonia. The product separating was 
collected, washed with water and dried (5.6 ¢., 97.6 %). It was crystallised from 
alcohol in white needles, m.p. 184-85°. (Found: Cl, 25.5. C,.Hi.N,Cl, requires 
Cl, 25.6 per cent). 


Condensation of Ethyl Acetoacetate with 4-Hydroxy-2-methyl-6-aminoquinoline 


Ethyl B-[6'-(4-hydroxy-2-methylquinolyl)amino ]-crotonate.—4-Hydroxy-2-methy]l-6- 
aminoquinoline (1.74 g.) was mixed with ethyl acetoacetate (1.6 c.c.) and a drop of HCl 
(conc.) added to it. Methanol (30 c.c.) was added to it and the mixture refluxed on a 
water-bath for 10 hours and then kept in cold for 2 days. The crystals separating 
were collected (2.1 g., 73.4%) and recrystallised from ethyl acetate, m.p. 194°. 
(Found: N, 9.6. Ci¢H,sO;N, requires N, 9.8 per cent). 

4:5-Dihydroxy-2 :7-dimethyl-p-phenanthroline.—The above crotonate (2.1 g.) was 
added to boiling diphenyl ether (21 c.c.) over a period of 5 minutes, and the solution 
was heated for 15 minutes. It was cooled and diluted with petroleum ether. The 
product was collected and dried (1.6 g., 90.9%). It was crystallised from 70% alcohol, 
m.p. 345°. Mixed m.p. with the sampie prepared from p-phenylenediamine and ethyl 
acetoacetate (loc.cit.) was undepressed. 

The authors express their gratitude to the College Authority for the facilities and 
the grant for expenses incurred in the work. 
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M. T. B. Co_tnecr, Surat. Received December 19, 1953 





some Tt 





[Jour. Indian Chem. Soc., Vol. 31, No. 9, 1954] 


RAUWOLFININE: A NEW ALKALOID OF RAUWOLFIA SERPENTINA 
BENTH. PART III. STUDIES ON THE DEGRADATION OF 
RAUWOLFININE 


By S. Bose 


On distillation with zinc dust in an atmosphere of nitrogen, the alkaloid rauwolfinine, C)g3Hog0.N, 
(m.p. 235-36° decomp.), furnishes Ind-N-methylharman (m.p. 102°) and other uncharacterised indole 
compounds. On fusion with caustic potash it vields indole-2-carboxylic acid besides a non-nitrogenous 
acid of m.p. 146-47° and acrystalline base. After due consideration of the above degradation products 
a partial skeletal structure of rauwolfinine has been suggested. 


It has been demonstrated in parts I and II of this series (this Journal, 1954, 31, 47, 
311) that rauwolfinine, which is a monoacidic ditertiary base,) is in all probability 
an indoline alkaloid. 


The present paper confirms the presence of an indoline unit in the alkaloid. Fur- 
ther more, from a comparative study of the infra-red absorption spectra of rauwolfinine 
and strychnine (Part II, loc. cit.) and from several degradative evidences, a partial skele- 
tal structure containing a 8-carboline nucleus has been postulated for rauwolfinine. 


The ultraviolet absorption spectrum (Part II, Joc. cit.) of rauwolfinine shows the 
absence of an indole chromophoric group and its infra-red spectrum bears a striking 
resemblance to that of strychnine (Part II, loc. cit..) which is a N(a)-substituted indoline 
alkaloid. By analogy, rauwolfinine may also be expected to be a N(a)-substituted 
indoline compound. This dihydroindole moiety can satisfactorily account for the non- 
basic nitrogen atom N(a) in the base which carries a methyl group. This fits in with the 
observations that indole: NH group is absent both in the rauwolfinine molecule as 
also in its dihydro derivative (the details of which will appear later). The second 
nitrogen atom N(b) in rauwolfinine is weakly basic (pK = 5.8) and tertiary. As its 
infra-red spectrum shows the absence of absorption bands for :NH and — NH, groups 
in 3.02 and 6.5—6.6 » region respectively, it is evident thit both the nitrogen atoms in 
the base are tertiary. ‘This is also substautiated by the fact that the base docs not form 
any nitroso derivative nor does it respond to diazo reactions. 


Rauwolfinine contains two oxygen atoms, one of which presumably constitutes a 
hydroxyl group, as reported previously (Part II, loc.cit.), although its acetyl, benzoyl, 
2:4-dinitrobenzoyl and tosyl derivatives could not be prepared in pure and crystalline 
state. The base, however, contains two active hydrogen atoms as determined by the 
method of Zerewittinoff. It reduces ammoniacal silver nitrate but not Fehling’s solution. 
The second oxygen atom being indifferent towards hydroxyl and carbony! reagents 
appears to be incorporated in an ether group, which has been confirmed by the presence 
of an intense band at 9.0 » in the infra-red spectrum. All these evidences lead to the 
tentative proposal of the part structure (I) for rauwolfinine which contains a side-chain 
methyl group (cf. Part I, loc. cit.). 
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In order to find out the relative positions of the nitrogen atoms in-the base, as also 
its skeletal structure, zinc dust distillation of the alkaloid has been carried out as this 
degradation experiment has proved very useful in the structural elucidation of many 
alkaloids like yohimbine, rauwolscine, gelsemine and ajmaline. Upon distillation with 
zinc dust in an atmosphere of nitrogen, rauwolfinine produces a base of m.p. 102° and 
a neutral liquid. The base which analyses for C,;H,.N, shows a deep blue fluorerscence 
in aqueous hydrochloric acid solution and forms a bright yellow crystalline picrate with 
picricacid, m.p. 259-60° (decomp.). The base has been characterised as Ind-N-methy]l- 
harman (II), a synthetic sample of which shows no depression in m.p. on admixture. 
The neutral moiety of the zinc dust distillation products of the base is found to be a 
mixture of several indole compounds. 


gee. 


Ws 98 
; yr = 
} | 
CH CH, 
(TI) 


The isolation of Ind-N-methylharman from zinc dust distillation products establishes 
the following partial structure III) for rauwolfinine : 
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and also settles simultaneously the relative positions of the two nitrogen atoms in the 


rauwolfinine molecule. q 

With a view to obtaining further information concerning the structurally unidenti- 
fied residue C;H, (III), the base has been fused with caustic potash according to the 
method of Barger and Scholz (Helv. Chim. Acta, 1933, 16, 1343). On fusion with 
potassium hydroxide at 300°, rauwolfinine produces a number of products from which 
a crystalline base and two different acids have been isolated in the pure state. One 
of the acids is free from nitrogen and melts at 146-47°. It is identical with the non- 
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nitrogenous acid obtained from ajmaline (Chatterjee and Bose, Exper., 1953, 9, 254; 
this Journal, 1954, 31, 17) by the same degradation experiment. The second acidic 
compound of m.p. 199-200° has been characterised as indole-2-carboxylic acid (IV), 


wil 
age" 


NH 
(IV) 

which was confirmed by comparison with an authentic sample prepared by the method 
of Ciamcian and Zetti ‘Ber., 1888, 20, 1930). The crystalline base isolated from the 
alkali fusion products of rauwolfinine has not yet been identified. Indole-2-carboxylic 
acid obtained from rauwolfinine by alkali fusion is supposed to originate from Ind-N- 
methylharman by its further degradation. Isolation of this indole-2-acid presents an 
additional evidence of the structure (IV) for the alkaloid. From zinc dust distillation 
and alkali fusion experiments of rauwolfinine, any clue to the non-nitrogenous fragment 
of the alkaloid could not be secured and thus complete assignment of the structure for 
the base has not been possible. Further work is under way to elucidate the complete 
structure of the alkaloid. 


EXPERIMENTAL 
Zinc dust Distillation of Rauwolfinine 


A mixture of rauwolfinine (1.0 g.) and zine dust (10.0 g.) was heated strongly in a 
combustion tube over free flame, in a current of nitrogen, ‘The reaction mass was kept 
stirred by rotating the tube which was heated fur fifteen minutes. The products of 
distillation were passed through 2N hydrochloric acid solution. When the tube cooled 
down, a red oil collected at the cooler part of the tube. The red oil and the residue in 
the tube were thrice digested with ether ‘50 c.c. each time) The red ethereal digest 
was mixed up with the hydrochloric acid solution containing other products of distilla- 
tion, as mentioned above, and thoroughly shaken in a separating funnel. Two fractions 
were then obtained : an aqueous acid solution (a) and an ethereal fraction (b). 

The reddish violet acid solution (a) was cooled and basified with ammonium 
hydroxide solution, when a white precipitate separated out. It was then extracted with 
ether and the ether extract was washed with water, dried over anhydrous sodium sulphate 
and freed from the solvent. ‘The residue distilled as a paleyellow oil at 110°-120°/0.01 
mm., yield 0.11 g. The oil was dissolved in petroleum ether (b.p. 60°-80°) and kept 
when glistening crystals of the base of m.p. 102° separated out, [Found (in a specimen 
dried in vacuo for two hours at 60° over P,0,) : C, 70.7; H, 6.01, N, 14-33. Cis;sH,.N; 
requires C, 79.6; H, 6.12; N, 14.25 per cent]. The base gave a yellow picrate when 
mixed with an ethereal solution of picric acid. The picrate crystallised from absolute 
alcohol in yellow needles, m.p. 259-60° (decomp.). [Found (in a sample dried in vacuo 
over P.O; for two hours at 120°): C, 53.46; H, 3.50; N, 16.42. Ci;sH.:N..CsH.(NO,);0H 
requires C, 53.65 ; H, 3.53; N, 16.47 per cent]. Both the base and its picrate showed 
no depression in m.p. when mixed with an authentic s@mple of Ind-N-methylharman 
and its picrate. Neutral substances present in ether extract ‘b) after purification by 
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steam distillation and subsequently by high vacuum sublimation was obtained as a color- 
less liquid which turned reddish brown in air. It hasa faecal odour like skatole and 
turns pine chips moistened with concentrated hydrochloric acid red and gives strong 
Ebrlich test. On careful examination, the liquid was found to be a mixture of several 
indole compounds, separation and characterisation of which are in progress. 


Fusion of Rauwolfinine with Potassium Hydroxide 


Rauwolfinine (2.0 g.) was fused with solid potassium hydroxide (12.0 g.) ina nickel 
crucible heated to 300°-310° for 30 minutes on a metal bath. The fused mass was 
constantly stirred to prevent frothing up of the molten mass due to copious evolution 
of gases. After the end of reaction the mass was allowed to cool and then lixiviated 
with water (150 c.c.). Solid ammonium chloride was added to the aqueous solution 
and the resultant turbid solution having a faecal smell was extracted with ether (200 c.c.) 
when basic and neutral compounds passed into ether layer (A). The aqueous alkaline 
solution (B) was cooled and acidified with hydrochloric acid (tested with Congo red). 
A yellowish brown precipitate separated and was extracted with ether and the extract 
was washed with water and then treated with a saturated solution of sodium carbonate. 
The sodium carbonate extract was cooled and acidified with hydrochloric acid, when a 
pale yellow precipitate was obtained. The precipitate was taken up in ether (roo c.c.), 
the ether extract was washed with water and dried. The ether solution on removal of 
the solvent left a pasty mass which on sublimation in vacuo at 0.01 mm, gave two 
different products (a) at 65-67° and (b) at r1ro°. 

Isolation of Non-nitrogenous Acid from (a).—The acid fraction (aj distilling at 
65°-70°/0.01 mm. was purified by resublimation in vacuo. It was finally obtained in 
the form of glistening flakes from benzene. It melts at 146-47° with sublimation. The 
acid is free from nitrogen and further characterisation of this non-nitrogenous acid is 
in progress, 

Isolation of Indole-2-carboxylic Acid from (b).—The acid fraction (b) (vide supra) 
was purified by resublimation in vacuo and subsequently by several crystallisations 
from benzene and a mixture of petroleum ether and benzene (1:1). It was obtained in 
the form of shining flakes, m.p. 199-200°, yield 15 o mg. [Found (in a specimen dried 
in vacuo over P.O, at 80° for two hours):C, 67.07; H, 4.353 N, 8.72. CysH,O,N (for 
indole-2-carboxylic acid) requires C, 67.05; H, 4.35; N, 8.69 per cent]. The acid gave 
a golden yellow picrate, m.p. 178°. Both the acid and its picrate did not depress the 
the m.p. of the synthetic indole-2-acid and its picrate when mixed. The degradation 
product like indole-2-carboxylic acid gave a red-violet coloration with isatin in concen- 
trated sulphuric acid. On heating to 230°, it decomposed producing an oil which had 
the offensive smell of indole and which turned fine chips moistened with concentrated 
hydrochloric acid red. The basic and neutral substances (A) (vide supra) isolated during 
the caustic potash fusion of rauwolfinine are on further investigation. 

The author expresses his best thanks to Dr. (Mrs.) A. Chatterjee for her keen 
interest in this work and the laboratory facilities given. 
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UNIVERSITY COLLEG® OF SCIENCE AND TECHNOLOGY, 
CaLcurta. Received March 17, 1954. 
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SYNTHESIS OF 7-HYDROXYVFLAVONES 
By M. G. MARATHEY AND J. M. ATHAVALE 


A number of o-hydroxychalkones have been synthesised by condensation of aldehydes with 
6-acetyl-4-ethylresorcinol (cf. Shah and Mehta, J. Univ. Bombay, 1936. §, 199. The present work 
deals with the synthesis of 7-hvdroxyflavones starting from the chalkones, already prepared through 
their dibromo derivatives. 


2’ :4'-Dihydroxy-s’-ethylchaikone (I, m.p. 166°) was brominated with one mole 
of bromine in acetic acid, when a tribromo derivative was obtained (II, m.p. 186°), 
instead of the expected dibromo derivative. The tribromo derivative (II) on treatment 
with alcobolic alkali gave a flavone derivative ‘III) containing one atom of bromine. 


6-Ethyl-7-hydroxyflavanone (IV) was brominated with one molecular proportion 
of bromine, when a dibromo derivative of the flavanone ‘V) was obtained, which 
on treatment with alkali gave the compound (III, m.p. 256°). These results indicate 
that one atom of bromine also enters the benzene nucleus. The place where the 
bromine atom is likely to enter is the ‘8’ position, as the ‘6’ position is already 
occupied by the -Et group. 

Hence, the compound (III) has been assigned the structure of 6-ethyl-7-hydroxy-8- 
bromoflavone, and consequently the bromide (II) as 2 :4'-dihydroxy-3’-bromo-5’-ethyl- 
chalkone dibromide, and the bromide (V) as 3 : 8-dibromo-6-ethyl-7-hydroxyflavanone. 
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2°:4’-Dihydroxy-5’-ethyl-4-methoxychalkone (VI) was similarly brominated with 
one mole of bromine in acetic avid when 2 ':4’-dihydroxy-3'-bromo-5’-ethyl-4-methoxy- 
chalkone dibromide (VII) along with 3 : 8-dibromo-4’-methoxy-6-ethyl-7-hydroxy- 
flavanone (VIII) was obtained; when two moles of bromine were used, the yield was 
considerably increased, but when only half a mole was used, 2’:4’-dihydroxy-3’-bromo- 
5’-ethyl-4’-methoxychalkone (IX) was obtained, indicating that the bromine was 
entering the ring in preference to the double bond. 

4’-Methoxy-6-ethyl-7-hydroxyflavanone (X) on bromination with one. mole of 
bromine gave 3:8-dibromo compound (m.p. 195°), identical with the one obtained 
during brominaton of (VI). When half a mole of bromne was used, (X) gave 4q’- 
methoxy-6-ethyl-7-hydroxy-8-bromoflavanone (XI), which on hydrolysis with alcoholic 
alkali gave 3 -bromochalkone (IX), thus confirming its structure. On further bromina- 


tion with one mole of bromine (XI) gave (VIII). 
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Both the chalkone dibromide (VII) and the bromoflavanone (VIII) gave 4’-methoxy- 
6-ethyl-7-hydroxy-8-bromoflavone (XII), which on hydrolysis with alcoholic alkali 
gave 6-acetyl-4-ethyl-2-bromoresorcinol (XIII) and 4-ethyl-2-bromoresorcinol-6-carboxylic 
acid (XIV) along with some anisic acid, thus confirming the flavone structure. 
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On bromination of the diacetate of the chalkone (VI) with one mole of bromine in 
acetic acid no solid separated from the reaction mixture. When the crude product was 
treated as such with alcoholic alkali, 4’-methoxy-6-ethyl-7-hydroxyflavone (XVI) was 
obtained. 
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Thus, when the hydroxy groups were protected by acetylation, a bromine-free 
7-hydroxyflavone could be obtained. 


ExPERIMENTAL 


2’ :4'-Dihydroxy-s'-ethyi-3'-bromochalkone Dibromide (II). — 2’:4'-Dihydroxy-5’- 
ethylchalkone (I, 1g.) was disssolved in acetic acid (8 c.c.) and bromine solution in 
acetic (25% w/v; 2 c.c.) was added to it. A solid soon began to separate out. The 
mixture was kept for 2 hours. It was filtered and then crystallised from acetic acid 
in white, prismatic crystals, m.p. 186°. (Found: Br, 46.6. C,;H,;O,Br, requires Br, 
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47-3 per cent) It dissolves in cold dilute caustic alkali and gives a brown coloration with 
alcoholic ferric chloride. 


6-Ethyl-7-hydroxy-8-bromoflavone (III) from (II).—The chalkone dibromide (II, 
I g.) was dissolved in alcohol (1o0c.c.) and 10 N-NaOH (6 c.c.) was added to it. The 
reaction mixture was kept overnight and then acidified with 50% HCl. The resulting 
precipitate was crystallised from acetic acid, when white silky needles were obtained, 
m.p. 256° (decomp.;. (Found: Br, 24.0. C,,H,,;0,Br requires Br, 23.2 per cent). It 
dissolves in cold dilute caustic alkali but does not give coloration with ferric chloride. 


6-Ethyl-7-hydroxy-3:8-dibromoflavanone (V), — 6-Ethyl-7-hydroxyflavanone (IV, 
1g.) was dissolved in acetic acid (12 c.c.) and 25% bromine solution (2 c.c.) was added 
to it. A solid began to separate immediately. It was kept aside tor 2 hours and 
then filtered and crystallised from acetic acid in whitish crystals, m.p. 198° (decomp.). 
It dissolves in cold dilute caustic alkali but does not give coloration with alcoholic 
ferric chloride. (Found: Br, 37.1. C,r7H,,O;Br requires Br, 37.6 per cent). 


6-Ethyl-7-hydroxy-8-bromoflavone (III) from (V).—The bromoflavanone (V, 0.5 g.) 
was dissolved in alcohol (5 c.c.) and to the hot solution ro N-NaOH (3 c.c.) was added. 
It was kept overnight anil then acidified with 50% HCl when a solid separated. On 
crystallisation from acetic acid it melted at} 256’. It was found identical with the 
flavone (III). 


2':4’-Dihydroxy-5'-ethyl-3’-bromo-4-methorychalkone Dibromide (VITI).—2’:4'-Di- 
hydroxy-5’-ethyl-4-methoxychalkone (VI, 1 g.) was dissolved in hot acetic acid (12 c.c.). 
It was cooled and bromine in acetic acid (25% w/v; 20¢.c.,1 mole) was added. After 
some time a solid began toseparate It was kept overnight, filtered and washed with 
_ acetic acid, when it melted indefinitely at 150°-165°. It was crystallised from acetic 
acid, m.p. 178° (decomp.), yield o.2g. (Fsund: Br, 44.3. C,;H,,O,Br, requires Br, 
44-7 per cent). It dissolves in cold dilute caustic alkali and gives a deep brown coloration 
with alcoholic ferric chloride. 


2’:4'-Dihydroxy-s'-ethyl-3 -bromo-4-methoxychalkone (IX). — The chalkone (VI, 
Ig.) was dissolved in acetic acid (ro c.c.) and 25% bromine solution ‘1 c.c., 1/2 mole) 
was added to it. The mixture was shaken well aud kept overnight. The resulting 
solid was crystallised from acetic acid when orange coloured crystals were obtained, 
m.p. 176°. (Found: Br, 21.9. C,;H,;0,Br requires Br, 21.2 percent). It dissolves in 
cold dilute caustic alkali and gives a brown coloration with alcohoiic ferric chloride. 

On further bromination with one mole of bromine in acetic acid, (IX) gave the tri- 
bromochalkone (VII), m.p. 178°. 


4'-Methoxy-6-ethyl-7-hydroxy-3:8-dibromoflavanone (VIII) from 4'-Methoxy-6-ethyl- 
7-hydroxyflavanone.—The flavanone (X, 1 g.) was dissolved in acetic acid {ro c.c.) and 
25% bromine solution (4 c.c., 2 moles) was added toit. The mixture was kept aside for 
3 hours and then diluted with water when a solid separated. It was crystallised from 
alcohol in fine, white crystals, m.p. 195° (decomp.). (Found: Br, 35.7. CisH,.0.Br. 
requires Br, 35.1 per cent). It dissolves in cold dilute caustic alkali but does not give any 
coloration with alcoholic ferric chlorid2. 
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The mother-liquor left after crystallisation of (II) on evaporation gave a solid which 
on recrystallisation from alcohol gave the dibromoflavanone (VIII), m.p. 195°, 
yield 0.05 g. 

4’-Methoxy-6-ethyl-7-hydroxy-8-bromoflavanone (XI}.—The flavanone ‘X, 1 g.) was 
dissolved in acetic acid (10c.c.) and 25% bromine solution (1 c.c., 1/2 mole) was added 
to it. It was kept for 2 huurs and then diluted with water when a solid separated. 
It was filtered and crystallised from alcohol, m.p. 185°, yield 0.3 g. (Found: Br, 20.5. 
C,sH,,O0,8r requires Br, 21.2 per cent). It dissolves in cold dilute caustic alkali but does 
not give any coloration with alcoholic ferric chloride. 


The flavanon: monobromide (XI) on treatmeut with alcoholic alkali at room tem- 
perature for 24 hours gave the monobromochalkone (IX, m.p. 176°} (0.2 g. from o.5 g.)- 

4’-Methoxy-6-ethyl-7-hydroxy-3:8-dibromoflavanone (VIII) from (XI;.—The flava- 
none monobromide (XI, 0.5 g.) was dissolved in acetic acid (8 c.c.) and 25% bromine 
solution in acetic acid (2 c¢.c., 1 mole) was added to it and kept overnight. The 
resulting solid was crystallised from alcohol, m.p. 195°. It was found identical with 
the flavanone (VIII, m.p. 195°). 


4’-Methoxy-6-ethyl-7-hydroxy-8-bromoflavone (XII),—The chalkone dibromide (VII, 
0.5 g.) was dissolved in alcohol (5 c.c.) and 1oN-NaOH (3 ¢.c.) was added to it 
and the mixture was kept overnight. It was acidified with 50% HCl when a solid 
separated. It was crystallised from acetic acid (or alcohol), m.p. 250° (decomp.,, yield 
0.3g. ‘Found: Br, 20.6. C,,H,;0,Br requires Br, 21.3 per cent). It dissolves in cold 
dilute caustic alkali but gives no coloration with alcoholic ferric chloride. 

The flavone (XII) was also obtained when (VIII) was treated with alcoholic alkali 
and kept for 2; hours, 


Action of Aikali on the Flavone (XII): Formation of 4-Ethyl-6-acetyl-2-bromoresor- 
inol and 4-Ethyl-2-bromoresorcinol-6-carboxyiic Acid.—The flavone (XII, 1g.) was 
refluxed with alcohol (20 c.c.) and 1oN-NaOH (15 ¢.c.) for 8 hours, It was then 
allowed to cool and acidified with HCI, when a precipitate was obtained. It was extrac- 
ted with ether. Ethereal layer was washed with sodium bicarbonate solution. On 
evaporating off the ether and crystallisation from 30% alcohol, 2-bromo-4-ethy!-6-acetyl- 
resorcinol ‘XIII, m.p. 131°) was obtained. It dissolves in cold dilute caustic alkali 
and gives a deep brown colour with alcoholic ferric chloride. (XIII) was also obtained 
when 4-ethyl-6-acetylresorcin was brominated in acetic acid with one mole of bromine 
solution. (Found. Br, 38.2. C,,.C,,0;Br requires Br, 38.9 per cent). 

4-Ethyl-2-bromoresorcin-6-carboxylic Acid (XIV).—The sodium bicarbonate wash- 
ings from above were acidified with hydrochloric acid when a precipitate was obtained. 
It was crystallised from acetic acid, m.p. 196° (decomp.). Some anisic acid was also 
obtained from the mother-liquor after crystallisation. ‘The acid (XIV) was also obtained 
when 4-ethylresorcin-6-carboxylic acid, m.p. 175° (Overbaugh, J. Amer, Chem. Soc., 
1935 57, 1668) was brominated with one mole of bromine in acetic acid, (Found: Equiv., 
257; Br, 30.0. C,H,O,Br requires equiv., 261; Br, 30-7 per cent), 

It dissolves in sodium bicarbonate and gives a deep blue colour with alcoholic ferric 
chloride. 
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2’ :4’-Diacetoxy-5’-ethyl-4-methoxychlkone (XV).—The chalkone (VII, 1 g.) was 
heated with acetic anhydride (2¢.c.) and fused sodium acetate»‘o 5 g.) in an oil-bath at 
150°-160° for about 10 minutes. It was poured into water when a solid separated. It 
was filtered and washed with dilute caustic alkali. It was crystallised from 60% acetic 
acid, m.p. 87°, yieldo.6g. (Found: C, 69.3; H, 5.9. C22H22O. requires C, 69.1; H, 
5.7 percent). It does not dissolve in cold dilute caust'c alkali and gives no colora- 
tion with alcoholic ferric chloride. 

Bromination of 2° :4'-diacetoxy-5’-ethyl-4-methoxychalkone.—-The acetate (XV, 
1 g.} was dissolved in acetic acid (4 c.c.) and 25% bromine solution (2 c.c.) was added 
to it. It was kept for 3 hours and then diluted with water (25 c.c.) when a resinous 
mass was obtained. It could not be further purified. It does not give any coloration 
with ferric chloride and does not dissolve in cold dilute caustic alkali. It contains 
bromine. 

To the acetate (XV, 1 g.) in ether (20 c.c.) liquid bromine (0.5 c.c., 1 mole) was 
added. ‘The ether was partly evaporated off, and a resinous mass separated which could 
not further be purified as before. 

6-Ethyi-7-hydroxy-4’-methoxyflavone (XVI).—The resinous mass obtained by 
bromination of (XV, 1g.) was suspended in alcohol (10 c.c.) and 10 N-NaOH (6 c.<.) 
was added to it and the reaction mixture was kept overnight. It was then acidified 
with 50% HCl when a solid was obtained. It was crystallised from acetic acid, m.p. 
260°. (Found: C, 73.3; H, 5.2- CisHieV, requires C, 72.9; H, 5.4 pcr cent). 

Thanks are due to Dr. S. K. Kulkarni Jatkar, D.Sc., Prof. of Chemistry, University 


of Poona, for his keen interest and valuable guidance during the work. 


RANADE INSTITUTE, 
Dept. OF CHEMISTRY, Received November 30, 1953 
UNIVERSITY, OF POONA, POONA-4. 
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2-p-CHLOROPHENYLIMINO-4-THIAZOLIDONE AND ITS CONDENSATION 
PRODUCTS 


By H. Kk. Pujari AND M. K. Rout 


2-p-Chlorophenylimino 4-thiazolidone, prepared from monochlcroacetic acid and p-chlorophenyl- 
thiourea, in presence of absolute alcohol and anhydrous sodium acetate, has been condensed with 
twelve aldehydes and two nitroso compounds. The thiazclidone and its condensation products with 
benzaldehyde and p-nitrosodimethylaniline give insoluble metallic complexes with Ag and Hg. 


In view of the significant biological properties associated with thiazole nucleus, 
it appeared worthwhile to prepare some new derivatives of a class of thiazole compounds 
i.e. thiazolidones. The thiazolidones themselves have also stimulated considerable 
interest. 2-Aryl-3-dialkylamino-alklyl-4-thiazolidones have been reported by Surrey 
to possess anaesthetic activity (J. Amer. Chem. Soc., 1949, T1, 3105). The thiazolidone 
compound, now prepared, has heen condensed with aldehydes and nitroso compounds 
for two reasons: (i) The preparation of very much analogous compounds, i.e. the aryli- 
dene-rhodanines formed by the condensation of rhodanine with aldehydes and ketones, 
has been reported by Brown, Bradsher and Potter (ibid., 1951, 78, 2337) to be of the- 
rapeutic activity. (ii) Compounds containing thiazolidone nucleus, such as -dimethyl- 
aminobenzylidene-rhodanine (ibid., 1930, 52, 2222; Mikrochem., 1931, 10, 60; 1931, 9, 
165; 1929, 1, 213) and 5-mercapto-3-phenyl-2-thio-1:3:4-thiadiazole-2-one, have already 
found use as analytical reagents. The latter class of compounds is also characterised 
bya mercapto group. It was considered desirable to determine whether the thiol 
group was the only essential ingredient or the thiazole or thiazolidone nucleus augmented 
to any appreciable extent the property of thiol group in rendering this compound suit- 
able as analytical reagents. Moreover, since -dimethylaminobenzylidene-rhodanine 
and rhodanine isonitroso derivatives are more effective analytical reagents than rhoda- 
nine, yielding more intensely coloured and crystalline precipitates ‘{Mikrochem., 1931, 
9, 165; J. Amer. Chem. Soc., 1930, 52, 2222), investigation in this direction with the 
arylidene-thiazolidones appears justifiable. 

The synthesis of the thiazolidone cempound used as the starting material was first 
attempted by condensing p-chlorophenylthiourea with chloroacetic acid in presence 
of rectified spirit. A compound soluble in water and acidic in nature was obtained, 
which could not obviously be a thiazolidone derivative. The desired ccmpound was, 
however, formed when the condensation was brought about in presence of anhydrous 
sodiuin acetate and absolute alcohol. By analogy with the structure assigned for 
phenylisothiohydantoin and diphenylisothichydanioin (Liebermann and Voltzkow, 
Ber., 1880, 18, 278; Lange, Ber., 1879, 12, 595’, the compound is regarded to possess 
the structure (I). 


CH,;——S 
C=N.CH,CI 
CO——NH 


(I) 
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The thiazolidone has been condensed with twelve different aldehydes in glacial 
acetic acid in presence of anhydrous sodium acetate, and with two nitroso compounds 
in presence of acetic anhydride. 


The parent thiazolidone compound and its condensation products with benzalde- 
hyde and #-nitrosodimethylaniline have been tried in the qualitative and quantitative 
analysis. Coloured complexes which have been shown to be d:- finite metallic derivatives 
are obtained with Hg and Ag ions. Conditions, especially, the px under which com- 
plete precipitation occurs have been studied. The probable structure assigned for 
these inctallic derivatives formed with aldehydes or nitroso condenstion products is 
shown below (R=C,H;.CH- or Me,N.C,H,.N- and X=a monovalent metallic radical)." 


R=C——S 
] SC=N.C.H..C! 
CO—N “ 


| 
xX (ID 
ExPERIMENTAL 


2-p-Chlorophenylimino-4-thiazolidone.—p-Chlorophenylthiourea (6.1 g.) was heated 
under reflux with monochloroacetic acid (4.0 g.) in presence of anhydrous sodium ‘acetate 
(3 g.) and absolute alcohol (25 c.c-) on a water-bath for 3 to 4 hours and then poured 
into water, when a precipitate was formed. ‘The precipitate was washed several times 
with boiling water to dissolve out sodium acetate and to remove the unchanged phenyl- 
thiourea. It was finally recrystallised from alcohol, m.p. 205°. (Found: S, 14.5. 
C,H,ON,.CIS requires S, 14-13 per cent). 

(5-Benzal)-2-p-chlorophenylimino-4-thiazolidone.—2-p-Chlorophenylimino-4-thiazoli- 
done (1g.) and benzaldehyde (0.6 g.) were refluxed in glacial acetic acid medium 
(15 to 20 c.c.) in presence of anhydrous sodium acetate (1.3 g.) on an asbestos-wire gauge 
for 2 hours. The clear solution on being poured into water gave a precipitate. After 
standing overnight, the yellow precipitate was filtered off and the product was recrys- 
tallised from alcohol. 

N-Methyl-(5-benzal)-2-p-chlorophenylimino-4-thiazolidone.—Finely pulverised KOH 
(0.5 g.) was dissolved in 95% alcohol (5 c.c.) and the preceding compound (0.5 g.) was 
then added, followed by methyl iodide (1 c.c.) in small quantity at a time. The reaction 
mixture was then heated in a steam bath under reflux for 3 hours until neutral to litmus. 
On cooling, the methylated thiazolidone separated out and the inorganic salt formed 
was dissolvec by stirring with water. The substance was recrystallised from dilute 
alcohol. 

(5-Substituted-imino)-2-p-chlorophenylimino-4-thiazolidones.—A mixture of 2-p- 
chlorophenylimino-4-thiazolidone (1 g.) and nitroso compounds (0.8 g.) and acetic anhy- 
dride (15 c.c.} was heated under reflux °n a sand-bath for 45 minutes. The reaction 
mixture was allowed to cool and then poured into water, when a brown precipitate came 
down. ‘This was filtered off and washed with hot water, dissolved in warin dilute 
caustic soda solution and reprecipitated with diiute HCl. 

















2-p-CHLOROPHENYLIMINO-1-THIAZOLIDONE, ETC., 


The properties and analytical data of the different condensation products are recor- 
ded in Tables I and II. 


TABLE I 
Nature of aldehydes or Yield. Colcur. M.P. % Sulpbut 
nitroso compounds Found. Cale. 
condensed. (5-Aryllidene) -2-p-chlorophenylimino-4-thiazolidone. 
Benzaldehyde 75% Pale vellow Above 260° 10.36 10.15 
Anisaldehyde 73 Yellow sits “ te 9.64 9.28 
Cinnamaldehyde 69 Do 220° 9.52 9.39 
o-Nitrobenzaldehyde 80 Reddish brown Above 250° 9.26 8.90 
m-Nitrobenzaldehvde 80 Yellow 251° 9.12 8.90 
p-Nitrobenzaldehyde 82 Do. 235° 9.42 8.0 
Salicylaidehyde 75 Orange Above 300° 9.88 9.66 
p-Hydroxybenzaldehyde 78 Yellow as 250° 995 9.66 
5-Nitrosaiicyl aldehy de 65 Orange »» ago” Q.12 8.50 
Vanillin 75 Yellow 210° 9.27 8.87 
Furfuraldehyde 80 Grev Above 260 11.03 10.47 
p-Dimethylaminobenzal- 84 Brown es 9.36 8.92 
dehyde 
(5-Arylimino -2-p-chlorophenylimino-4-thiazolidone. 
a-Nitroso-8-naphthol 45 Brown 162° 8 54 8.40 
p-Nitrosodimethylaniline 42 Dark grey 189° 9.41 8.91 
TABLE II 
N-Methyl-(5-arylidene)-2-p-chlorophenylimino-4-thiazolidone. 
Nature of aldehydes Colour. M.-P. Nature of aldehyde Colvur. M.P 
from which nucleus from which nucleus 
R is obtained. R is obtained. 
Benzaldehyde Grey 79° Salicy! aldehyde Dirty yellow 210° 
Anisaldehyde Yellow 249° p-Hydroxybenzaldehyde Grey 85° 
Cinnamaldehyde Pale yellow go” 5-Nitrosalicy! aldehyde Dirty yellow 212° 
o-Nitrobenzaldehyde Orange 215° Vanillin Do 80° 
m-Nitrobenzaldehyde Dirty yellow 172° Furfuraldehyde Grey 174° 
p-Nitrobenzaldehy de Yellow 251° p-Dimethylaminobenzaldehyde Yellow 120° 


The compounds were tested as follows for their possible use as analytical reagents. 
About 1% alcoholic solutions of the thiazolidone compound and of its condensation pro- 
ducts with benzaldehyde and p-nitrosodimethylaniline were prepared. About 2c.c. of 
each of these was added to 2c.c. of different salt solutions containing 1 or 2 c.c. of 
alcohol. Preliminary tests were carried out and the amounts of reactants taken were 
adjusted in such a manner that neither the organic reagent nor the metallic salt 
separated out as such during the precipitation of the complexes. Coloured precipitates 
were obtained in some cases as described in Table II]. They were filtered and washed 
several times with alcohol and then with water to remove any unchanged organic 
compound or the metallic salt. To test if the complexes are metallic derivatives, the 
precipitates are decomposed by concentrated nitric acid in case of Ag complex and 
with concentrated HCl in case of Hg complex and tested respectively for Ag and Hg. 
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TABLE III 
Name of the compounds. Rehaviour with pu at which Behaviour with pa at which 
Hg (ic) salts. complete pre- silver salts. complete pre- 
cipitation occurs. cipitation occurs 
1. 2-p-Chlorophenylimino-4-thiazol done White precipitate 5 Brown ppt. At all pu. 
2. Condensation product of No. 1 Do 5 Do Do 
with benzaldehyde 
3. Condensation product of No 1 with 
p-nitrosodimethylaniline Brown ppt 5 Do Do 


The fu limits at which complete precipitation of the different metallic complexes 
occurred were studied by means of acetate buffers and indicated in Table III. Further 
work for utilising these reagents for the estimation of Ag and Hg is in progress. 

The authors express their sincere thanks to the Board of Scientific and Industrial 
Research, Orissa for a research grant which made this and continuing investigations 
possible. 


CHEMICAL LABORATORY, Received April 24, 1954. 
RAVENSHAW COLLEGE, CUTTACK-3 
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ESSENTIAL OIL FROM THE FLOWERS OF LAWSONIA INERMIS 
LINN. (SYN. L. ALBA, LAM.) 


By K. K. BasiLas 


The essential oil from the flowers of Lawsonia inermis, Linn. (syn. L.alba, Lani) contains 8-ionone 
and a-ionone as the chief components. 


The plant Lawson‘a inermis, Linn. (syn. L.alba, Lam.), known in vernacular as 
‘Mehndi’, is indigenous to India and belongs to the family of Lythraceae. It is found 
all over India and occurs more abundantly in Madhya Pradesh, Rajputana and Uttar 
Pradesh (Kirtikar and Basu, “‘Indian Medicinal Plants’, vol. II, p. 1077). It is cultivated 
chiefly as a hedge plant, but is commonly used for the treatment of jaundice, enlarge- 
ment of liver, splesn, leprosy anl other skin diseases (Kirtikar and Basu, loc. cit.), 
The leaves of the plant are quite well known for the dye they yield on drying. 
The flowers are reputed to be soporofic and as such are used for stuffing pillows 
(Kirtikar and Basu, loc, cit., p. 1078). The essential oil which they yield on 
steam distillation is popularly known as ‘Henna’ and has been used as a perfume 
since ancient times. 


The essential oil from the flowers of L. inermis (syn. L. alba, Lam.) does not seem 
to have been investigated in detail. Holmes (Pharm. ]., 1880, 111, 10) and Gennant 
(Tropenflazer, 1917, 20, 289) reported the presence of an ethereal oil in these flowers, 
but they did not refer to the constituents of this oil. Deshapande (Proc. Soc. Biol. 
Chem , India, 1938, 3, 83) reported the oil to containa ketone, C,.H.,.0, (b.p. roo- 
102°/5mm.). There is a similar report by Sadgopal (Soap, 1939, 12, 329). Antia 
and Kaushal (Curr. Sci., 1950, 19, 284) confirmed the presence of 8-ionone in the 
essential oil which was subsequently examined by the author in detail. The oil as 
now reinvestigated shows the presence of one more component, viz. %-ionone. 


On steam distillation of the flowers, an essential oil, brownish in colour, was 
obtained in 0.01% yield. It possesses the following physical properties: b. p. 125°- 
128°/12 mm., d‘*, 0.90423 ; mo, 1.520. 

On fractionation of the oil. the chief fraction distilled at 137°-140°/18 mm., rest 
being too sinall for any investigation. This fraction showed indifference towards many 
reagents, but formed a crystalline semicarbazone corresponding to the semicarba- 
zone of a monoketone, C,,;H..O. 

Hydrolysis of the semicarbazone gave the ketone possessing properties as shown 
in Table I. Analysis of the ketone corresponds to the formulaC,;H2.0. It gavea 
crystalline 2:4-dinitrophenylhydrazone. From a comparison of the properties of this 
ketone and 8-ionone given in the following table, it was identified as 8-ionone. Con- 
firmation was obtained by taking the mixed melting points of semicarbazones and 
dinitrophenylhydrazones obtained from this ketone and from a genuine sample (B.D.H.) 
of 8-ionone, which showed no depression. 


8—1851P—9 
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TABLE I 
B-Ionone reported by 
Propertieés. Ketone from L, inermis oil. * Tiemann. ¢Auwers & Eisenlohr. 
z. B.P. 127-28°/10 mm. 127-28.5°/10 mm. 140°/18 mm. 
137-40°/18 mm, 
2. Ref. index np”, 1.521 np", 1.521 np!?, 1.521 
3. Sp. gr. di. 0 9461 dy7, 0.946 dj7, 0 946 
4. Semicarbazone, m p. 148-49° 148-49° 148-49° 
5. 2 :4-Dinitrophenyl- 
hydrazone, m.p. 728-29° 128,5-29° 


* Ber., 1898, 31, 871. 
+ J. prakt. Chem., 1911, 84, 68. 


The mother-liquor remaining after removal of the semicarbazone of $-ionone from 
the fraction was examined for the presence of a-ionone as the co-occurrence of #-ionone 
and §-ionone was reported in the oil of Boronia megastigma, Nees ‘Naves and Parry, 
Helv. Chim. Acta, 1947, 80, 419) and the oil of costus (Naves, ibid., 1949, 32, 1064). 
The mother-liquor was hydrolysed with dilute sulphuric acid and the oily liquid 
obtained was extracted and purified by distillation. It possesses the properties shown 
in Table II. Analysis of the liquid corresponds to the formula of a monoketone 
C,;H.2,0. 

It gave a crystalline oxime, m.p. 88-89°. Semicarbazone was also obtained, but 
its formation was very slow. The ketone also gave a crystalline 2 : 4-dinitrophenyl- 
hydrazone, m.p. 148°. From a comparison of the properties of this ketone with those 
of a-ionone, reported in literature and shown in Table II, it was identified as 2-ionone. 
The mixed melting points of the semicarbazones and oximes obtained respectively from 
this ketone and from a genuine sample of 2-ionone (separated from technical ionone 
from B.D.H.) showed no depression. 


TABLE IT 
a-Ionone reported by 

Preperties, Ketone from the oil. * Auwers & Eisenlohr. + Tiemann. 
a KP. 127-28°/12 mm. 127.6°/12 mm. 123-24°/11 mm, 
2. Sp.gr (d™) 0.0306 0.93? 0.932 
3. Ref. index (np) 1.4998 I 5902 1 4980 
4. Oxime, m.p. 88-89.5° 89-90° 89-90° 
5 Semicarbazone, m p. 142-43° ** 342-43° t 142-43° 
6. 2 :4-Dinitrophenyl- 148° ** 51° ++ 143° from 

hydrazone, m.p. dl-a-ionone 


* J. prakt, Chem., 1910, 82, 126. 
+ Ber., 1898, 31, 876. 


** Simonsen, ‘“Terpenes’’, Vol. I p 124. 


~ Naves & Bachman, Helv. Chim. Acta, 1943, 26, 2151. 
+t J. Amer, Chem. Soc , 1943, 68 432 





The chief fraction forms 90% of the oil and the fraction consists of about 80% 
8-ionone and 20% «-ionone. 
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ExPERIMENTAL 


Isolation of the Essential Oil.—The essential oil was obtained by steam distillation 
of the flowers obtained from Faridabad (n2ar Delhi) in the month of April/May (the 
time at which flowering is most intense in this town). The steam distillate was extract- 
ed with CCl,, dried over anhydrous sodium sulphate and the solvent was distilled off. 
Slightly brownish coloured oil was obtained in v.01% yield (on the basis of zero per cent 
moisture). It possesses the properties mentioned in Table I. 


Fractionation of the Oil.—On fractionation, 10 c.c. of the oil gave the chief fraction 
(about 9 c.c.) at 137-39°/18 mm., leaving a residue of about 1 c.c. which showed signs 
of decomposition on distilling above 150°. 


Examination of the Chief Fraction.—The fraction showed indifference towards 
: reagents for alcohols, aldehydes and acids. It did not form any solid nitrosite or 
, nitrosyl chloride. It decolorised bromine water but no solid bromo derivative could 
be obtained. It gave, however, a crystalline semicarbazone. 

. Formation of the Semicarbazone.—A solution of sodium acetate and semicarbazide 
hydrochloride was added to the fraction (5 c.c.), dissolved in a small quantity of alcohol 
| and the mixture was refluxed for about anhour. Crystal formation began after two 
days and complete formation took 4 to 5 days. Crystals first melted at 142°, but after 
successive recrystallisations from alcohol, meiting point rose to 148-49°. Mixed m.p. 
with the semicarbazone, prepared from $8-ionone, showed no depression. (Found: C, 
68.07 ; H, 9.2; N, 16.6%). 

Regeneration of the Ketone from the Semicarbazone.,—On slight warming of the 
semicarbazone with 40% dilute sulphuric acid, an oily liquid separated, which was 
extracted with ether and after drying the extract over anhydrous sodium sulphate, the 
solvent was distilled off. The residual oily liquid possesses the properties mentioned in 
Table I. (Found: C, 81.3; H, 10.2. Calc. for C,;H,.0: C, 81.2 ; H, 10.4 per cent). 

Formation of 2:4-Dinitrophenylhydrazone.—2 : 4-Dinitrophenylhydrazine (1 g.) 
was dissolved in H.SO, (conc., 2 c.c.), alcohol (5 c.c.) was added and after adding 2 c.c. 
of the ketone, dissolved in alcohol, the mixture was shaken vigorously. A deep yellow 
crystalline solid began to separate after 24 hours apd took about a week for complete 
formation. It first melted at 122°, but the melting point rose to 128-20° after successive 
recrystallisations from alcohol. Mixed m.p. with the dinitrophenylhydrazone, prepared 
from 8-ionone, showed no depression. 

Identification of «-Ionone in the Mother-liquor.—On slight warming of the mother- 
liquor (remaining after the removal of the semicarbazone of 8-ionone from the chief 





fraction) with dilute sulphuric acid, an oily liquid separated which was extracted with 
ether, and after drying the ethereal extract over anhydrous sodium sulphate, the solvent 
was distilled off. The residual liquid possesses the properties mentioned in Table II 
and on analysis it gave the results which corresponded to the formula of a monoketone 
C,sH.»O. It gave the following derivatives. 

Oxime.—To an alcoholic solution of the ketone (1 c.c.) was added a solution of 
hydroxylamine hydrochloride (1 g.) in water and the mixture refluxed for about an 
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hour and the resulting solution cooled in ice. Immediate formation of any solid did 
not take place, but crystals separated after keeping the mixture overnight in a referi- 
gerator. It melted first at 84-86°, but the melting point rose to 89.5° after several 
recrystallisations from petroleum ether at low temperatures. Mixed melting point with 
the oxime obtained from @-ionone (prepared from technical sample of ionone fiom 
B.D.H.) showed no depression. 

Semicarbazone.—Semicarbazone was prepared in the manner described in case of 
$-ionone, with the difference that complete formatiun took more than a week in this 
case. It first melted at 140°, but the m.p. rose to 142-43° after several recrystallisations 
from petroleum ether. 

2:4-Dinitrophenylhydrazone was aiso obtained in the same manner as described 
in the case of 8-ionone. However, in this case it took about a week for complete crystal- 
lisation. After successive recrystallisations from alcohol, the melting point rose from 
145° to 148°. 

Thanks are due to Dr. S.S. Deshapande for the help and to the U. P. Govt. for a 
research grant. 


CHEMICAL LABORATORIES, Received December to, 1953. 
AGRA COLLEGE, AGRA. 
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STUDIES ON THE FRIES REARRANGEMENT. PART XII 
By A. B. SEN AND S. S. PARMAR 


The effect of the different catalysts and their proportion cn the course of the Fries rearrangement 
has been studied. 


In continuation of our work (Sen and Parmar, this Journal, 1953, 30, 720) on the 
effect of temperature and solvent on the course of the Fries rearrangement, we have 
investigated the rearrangement of thymyl acetate, carvacryl acetate, m-ethylphenyl 
acetate and 3:5-dimethy!phenyl acetate at {i) room temperature (25°) in presence of a 


° 


solvent and (ii) at 120° without a solvent, using different catalysts, viz., anhydrous 
aluminium chloride, zinc chloride, stannic chloride and titanic chloride in different 
proportions. Thymy] and cavacryl acetates at room temperature in the presence of 
nitrobenzene gave only the p-hydroxyketones ; while m-ethylphenyl and 3 : 5-dimethyl- 
phenyl acetates rearranged mainly into o-hydroxyketones. In all cases, ortho- 
hydroxyketones were only obtained when the rearrangement was effected at 120° in 
the absence of a solvent, the maximum yield of the hydroxyketone being obtained 
when titanic chloride was used. ‘The results are shown in Tables I and IT. 

The effect of the proportion of the catalyst was studied using 1.5 moles and 3.0 
moles of anhydrous aluminium chlorid2 on the above acetates. In all the cases the reaction 
was carried out at 120° without solvent for one hour. It will be obvious from Table 
III that the use of 3.0 moles of the calalyst for the rearrangement of the liquid esters can 
hardly be justified for better yields as there is no appreciable change when 1.5 moles 
of aluminium chloride are used. 


EXPERIMENTAL 
Fries Rearrangement at 120° (without solvent).—The rearrangement of the esters 
(x mole) was carried out with different catalysts (1.5 moles) and the ortho-hydroxy- 
ketones obtained were isolated in the usual manner as described in the earlier paper 


‘Sen and Parmar, loc. cit.). The results of these experiments are summarised in 


Table I. 
Taare I 


Effect of different catalysts at 120° in the absence of solvent. 
Ester taken = 5 g. 


{Yield of o-hydroxyketones with 


AIC]}. ZnCl,. SnC]hy. TiCl, 
1. Thymyl] acetate 4-2 g. 3-1 g.- 42g. 4-5 &- 
2. Carvacry! acetate 4.0 3.0 4.0 4:3 
3. m-Ethylphenyl acetate 4-3 2.8 4-2 4-4 
4. 3:5-Dimethylpheny] acetate 4.0 2-7 3.9 4.1 
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Fries Rearrangement at 25° in Nitrobenzene.—The reaction was carried out in the 
presence of 15c.c. of dry and freshly distilled nitrobenzene with esters (1 mole) and 
the different catalysts (1.5 moles) and the hydroxyketones obtained were isolated in 
the usual manner as described in the earlier paper (Sen and Parmar, loc. cit.). The 


results are summarised in Table II. 


> wn = 


3 


TABLE II 


Effect of different catalysts at 25° in nitrobenzene. 


Thymy!] acetate 

Carvacry! acetate 
m-Ethylpheny] acetate 
:5-Dimethylpheny] acetate 


Ester taken = 5 g. 


Yield of the hydroxy ketones with 


AICI. 


4.0 g. 
4.2 
4.2 


3-9 


SnCh. TiCh,. 
398 4-4 8: 
4-3 43 
4.3 3-3 
38 43 


Effect of the Proportion of the Catalyst on Fries Rearrangement.—The rearange- 
ment was carried out at 120° in the absence of the solvent using 1.5 moles and 3.0 
moles of anhydrous aluminium chloride at 120° for one hour in the usual manner. 
The results are summarised in Table III. 


I 
2. 
3. 
4 


Thyiny! acetate 

Carvacryl acetate 
m-Ethylpheny! acetate 

3 :5-Dimethylpheny] acetate 


CHEMICAL LABORATORIES, 
LucKNOW UNIVERSITY, 


LUCKNOW, 


TABLE II] 


Yield of the o-hydroxyketone. 
Proportion of the catalvst 


1.5 moles. 3.0 moles. 
4-2 4.3 
4.0 4-3 
4-3 4-4 
}-0 4.2 


Received March 29, 1954. 

































(jour. Indian Chem. Soc., Vol. 34, No. 9, 1954] 


e 


e STUDIES IN THE SYNTHESIS OF 4-HYDROXYQUINOLINES USING 
ACETIC ANHYDRIDE AND SULPHURIC ACID. PART V 


By B. P. BANGpDIWwALA AND C. M. Desa 


The acrylates obtained by the condensation of ethyl benzoylmalonate with arylamines have been 
cyclised using acetic anhydride and sulphuric acid. 


Just (Ber., 1885, 18, 2623, 2632; 1886, 19, 979, 1541) condensed benzanilide 
imidochloride with ethyl sodiomalonate and obtained ethyl 4-hydroxy-2-phenylquinoline- 
3-carboxylate (Seka and Fuchs, Monatsh., 1931, 57, 52). A useful modification was 
introduced by using toluene as a solvent and employing ethyl malonate (1 mole) to- 
gether with its sodio derivative (1 mole) (Shah and Heeramaneck, J. Chem. Soc., 1936, 
428). Elderfield et al. (J. Amer. Chem. Soc., 1946, 68, 1272) employed this method 
- and obtained such esters using m-chloroaniline, m-anisidine and p-anisidine. ‘The esters 
were also hydrolysed to the corresponding 3-carboxylic acids which were in turn decar- 
boxylated and converted into 4-chloro-2-phenylquinolines. 


The use of ethyl benzoylmalonate for the preparation of this type of compounds does 
not seem to have been recorded in literature. In continuation of our work (Bangdiwala 
and Desai, Part IV, this Journal, 1954, 31 555), it was therefore thought interesting to 
explore the synthesis with ethyl benzoylinalonate, as this might constitute a shorter route 
for the preparation of the intermediate acrylates as compared to the :midochloride method. 
Like acetylmalonic ester (Bangdiwala and Desai, loc.cit.), this ester also was found to 
give poor yields of the intermediate acrylates on account of competing side-reactions, 
chiefly the formation of benzanilide and its derivatives, which proceeded to the extent 
of about 60-70%. 

The syntheses were carried out using aniline, o- and p-toluidines and p-chloroaniline. 
4-Hydroxy-2-phenylquinolines were obtained from the corresponding ethyl 4-hydroxy- 
E 2-phenylquinoline-3-carboxylates through hydrolysis and decarboxylation steps. 4-Chlo- 
ro-2-phenylquinolines were prepared from the corresponding 4-hydroxy-2-phenyl- 
quinoliues by treatment with phosphorus oxychloride. 


ExPERIMENTAL 


Ethyl benzoylmaionate was prepared essentially according to the method described 
for the preparation of ethyl benzoylacetoacetate (Part III, this Journal, 1954, 31, 553) 
excepting that ethyl acetoacetate was replaced by diethyl malonate. The yield of ethyl 
benzoylmalonate was go g. (56.8%) starting with 96 g. (0.6 M) of diethyl malonate. 





Condensation of Ethyl Benzoylmalonate with Aniline 


Ethyl «-.Carbethoxy-8-phenyl-B-anilinoacrylate was prepared in the same manner 
as describ2d in the case of condensation of acetylmalonic ester under conditions reported 
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in Part IV (loc.cit.) from the ester (26.4 g., 0.1 M) and freshly distilled aniline 
(9.3 g.,0.1 M). ‘The oil after separation of the crystals of benzanilide was taken up 
in ether (100 c.c.). The ethereal solution was washed with two 50 c.c. portions of 
o.5N-hydrochloric acid, then with water till free from acid, and finally dried with 
anhydrous mignesium sulphate. Ether was removed and the residual oil on keeping in 
vacuum desiccator for several days crystallised, m.p. 74-75°, yield 13 g. (38.0%). Shah 
and Heeramaueck (loc.cit.) give m.p. 75°. (Found: N, 4:0. Calc. for C,,H,,0,N :N, 4.1 


percent). 

Ethyl 4-hydroxy-2-phenylquinoline-3-carboxylate was obtained in the same 
manner as described in the case of 4-hydroxy-2-methylquinoline-3-carboxylate, reported 
in Part IV (loc. cit.) from the above acrylate (13 g.) (25 c.c. of acetic anhydride instead 
of 20 c.c. were used ; 12 c.c. of H,SO, instead of ro c.c.), yield 3.1 g. (27.7%). It was 
crystallised from alcohol in needles, m.p. 260-61°. Shah and Heeramaneck (loc. cit.) 
give m.p. 260°. ‘Found:N, 4.6. Calc. for. Cj,H,sO;N : N, 4.8 per cent). 


4-H ydroxy-2-phenylquinoline-3-carboxylic acid was obtained from the above ester 
(3.0 g.) in the same was as the corresponding. 2-methylquinoline carboxylic acid 
(vide Part IV, loc. cil.), yield 2.0 g. (74%). It was crystallised from 60% alcohol, 
m.p. 230-32° (lit. m.p. 230-32°). (Found: N, 5.1. Cale. for C,.H,,O;N:N, 5.3 per cent). 

4-Hydroxy-2-phenylquinoiine was obtained from the above acid in the same way as 
the*corresponding 2 methylquinoline ‘vide Part IV, loc.cit.). 


The product was collected and dried (1.2 g., 75.0%). It was crystallised from 60% 
alcohol in tan-yellow needles, m.p. 254°. Mixed m.p. with an authentic specimen 
of the same prepared from ethyl! benzoylacetate and aniline (Bangdiwala and Desai, 
Part II, this Journal, 1954, 31, 43) was undepressed. 4-Chloro-2-phenylquinoline 
melted at 60-62° (cf. Part II, loc cit.). 


Condensation of Ethyl Benzoylmalonate with o-Tolutdine 


Ethyl «-Carbethoxy-B-phenyl-B-'0-toluidino) acrylate.—The ester (26.4 g.) ~ and 
freshly distilled o-toluidine (10.7 g.) were condensed together and the acrylate worked 
up as before, yield rr.og. 31.0%), m.p. 95-96° ‘lit. m.p. 95°). (Found: N, 4.0. 
Calc. for C,,H,,0,N: N, 4.0 per cent). 

Ethyl 4-Hydroxy-2-phenyl-8-methylquinoline-3-carboxylate.—The above acrylate 
(11.0 g.) was cyclised and the product was worked up as before (2.5 g., 26.0%). It was 
crystallised from alcohol, m.p. 243-44° (lit. m.p. 242‘). ‘Found: N, 4.5. Calc. for 
C,9H,,0O;N.: N, 5.0 per cent). 

4-Hydroxy-2-phenyl-8-methylquinoline-3-carboxylic Acid.—The above ester (2.5 g.) 
was hydrolysed as before and the product (1.9 g., 84%) was crystallised from aqueous 
alcohol, m.p. 202-203° (decomp.) (lit. m.p. 201r-203°). (Found: N, 4.8. Calc. for 
C,7H,,;0;N : N, 5.0 per cent). 

4-Hydroxy-2-phenyi-8-methylquinoline.—The above acid (1.9 g.) was decarboxy- 
lated as before. The product (1.3 g., 81%) wags crystallised from alcohol in yellowish 
needles, in.p. 224-25°. Mixed m.p. with an authentic specimen’ was undepressed. 
4-Chioro-2-phenyl-8-methylquinoline melted at 82-83° (vide Part II, loc. cit.). 
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SYNTHESIS OF 4-HYDROXYQUINOLINES 
Condensation of Ethyl Benzoylmalonate with p-T oluidine 


Ethyl «-Carbethoxy-B-phenyl-B-(p-toluidino) acrylate.—The ester (26.4 g.) and 
p-toluidine {10.7 g.) were condensed together and the acrylate was worked up as before, 
m.p. 62-63° (lit. m.p. 62-63°), yield 10.0 g. (28.2%). (Found:N, 4.2. Calc. for 
C;,H,,;0,N : N, 4.0 per cent). 

Ethyl 4-Hydroxy-2-phenyl-6-methylquinoline-3-carboxylate.—The above acrylate 
(10.0 g.) was cyclised and the product was worked up as before (2.0 g., 28.6%). It was 
crystallised from alcohol, m.p. 252-53° (lit. m.p. 253-54°). (Found: N, 4.4. Calc. for 
C;,.H,,0;N : N, 4.6 per cent). 

4-H ydroxy-2-phenyl-¢-methylquinoline-3-carboxylic Acid.—The above ester (2.0 g.) 
was hydrolysed as before and the product (1.4 g.,79.0%) was crystallised from alcohol, 
m.p. 210-11° (lit. m.p. 209-11°). (Found: N, 4.9. Calc. for C,yH,,0O,N: N, 5.0 per 
cent). 

4-H ydroxy-2-phenyl-6-methylquinoline.—The above acid (1.4 g.) was decarboxylat- 
ed as before. The product (0.9 g., 76.0%) was crystallised from 90% alcohol in shining 
crystals with a slightly greenish tinge, m.p. 294-95°; mixed m.p. with an authentic 
specimen was undepressed. 4-Chloro 2-phenyl 6-methylquinoline melted at 95-97°. 


Condensation of Ethyl Benzoylmalonate with p-Chloroaniline 


Ethyl 2-Carbethoxy-B8-phenyl-B- (p-chloroanilino)acrylate.—The ester (26.4 g.) and 
p-chloroaniline (12.7 g.) were condensed together and the acrylate worked up as before, 
m.p. 74-75° (lit. m.p. 75°), yield 12.5 g. (33%). (Found: Cl, 9.3. Cale. for. 
C,.H,,.0,NCI: Cl, 9.5 per cent). 

Ethyl 4-Hydroxy-2-phenyl-6-chloroquinoline-3-carboxylate.—The above acrylate 
(12.5 g.) was cyclised and the product was worked up as before (3.2 g., 29.0%). It was 
crystallised from alcohol, m.p. 250-52° (lit. m.p. 2§1-52°). (Found: Cl, 11.0. Cale. for 
CisH,,O;NCI1: Cl, 11.1 per cent). 

4-Hydroxy-2-phenyl-6-chloroquinoline-3-carboxylic Acid.—The above ester (3.2 g.) 
was hydrolysed as before and the product (2.1 g.,72.0%) was crystallised from alcohol, 
m.p. 301-302 (decomp.) [lit. m. p. 300° (decomp.)]. Found: Cl, 11.8. Cale. for 
C,.H,.0,;NC1: Cl, 11-9 per cent). 

4-Hydroxy-2-phenyl-6-chloroquinoline.—The above acid (2.1 g.) was decarboxylated 
as before. The product (1.2 g., 66.6%) was crystallised from glacial acetic acid, m.p. 
350-51° (decomp.). Mixed m.p. with an authentic specimen was undepressed. 

4 :6-Dichloro-2-phenylquinoline melted at 118-20° (Part II, loc. cit.). 

The authors express their gratitude to the College Authority for providing facilities 
and the grant for expenses incurred in the work. 


CHEMISTRY DFPARTMENT, 
M. T- B, CoLieGe, Surat. Received December 19, 1953. 
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STUDIES IN THE SYNTHESIS OF 4-HYDROXYQUINOLINES USING 
ACETIC ANHYDRIDE AND SULPHURIC ACID. PART V1 


By B. P. BANGDIWALA AND C. M,. DESAI 


4-Hydroxy-2-phenylquinoline-3 carboxylic acids have been obtained by direct cyclisation of the in- 
termediate acrylates, prepared by condensing ethyl benzoylcyanoacetate with arylamines. The 
acrylate from m-chloroaniline and the ester upon cyclisation gave a mixture of 5- and 7-chloro-4-hy- 
droxy-2-phenylquinoline-3-carboxylic acids which were separated by fractional cryst+llisation from 
glacial acetic acid. The syntheses were carried out with aniline, o- and p-toluidines and m-chloroaniline 


The present investigation describes the preparation of 4-hydroxy-2-phenylquinoline- 
3-carboxylic acids by direct cyclisation of the intermediate acrylates obtained by the 
condensation of ethyl benzoylcyanoacetate and arylamines. ‘The cyano group in 2-posi- 
tion of the acrylate appears to be hydrolysed during the process of cyclisation, thus 
directly affording the acids. The acids were decarboxylated to 4-hydroxy-2-phenyl- 
quinolines which were converted into 4-chloro-2-phenylquinolines. The syntheses have 
been carried out with aniline, o- and p-toluidines and m-chloroaniline. 


In the case of m-chloroaniline, the intermediate acrylate on cyclisation gave a 
mixture of 5- and 7-chloro-4-hydroxy-2: phenylquinoline-3-carboxylic acids which were 
separated by fractional crystallisation from glacial acetic acid, the 7-isomer being less 
soluble comparatively. That the less soluble isomer is the 7-isomer has been proved by 
its decarboxylation to the corresponding known 4-hydroxy-2-phenyl]-7-chloroquinoline. 


ExPERIMENTAL 


Ethyl benzoyicyanoacetate was prepared in the same way as described in Part III 
(this Journal, 1954, 31, 553), except that ethyl acetoacetate was replaced by cyanoacetic 
ester, yield 78 g. (60%), starting with 67.8 g. i.e. 0.6 mole of cyanoacetic ester. 


Condensation of Ethyl Benzoylcyanoacetate with Aniline.—The ester (16.3 g.) and 
freshly distilled aniline (7 g.) were mixed together and a drop of concentrated hydro- 
chloric acid was added to it as 4 catalyst. The mixture was allowed to stand over calcium 
chloride for three days. The crude liquid acrylate was cyclised, yield 11.1 g.- 


4-Hydroxy-2-phenylquinoline-3-carboxylic Acid.—The above acrylate {11.1 g.) was 
dissolved in acetic anhydride (20 c.c.) and sulphuric acid (10 c.c.) was added to it, when 
considerable heat was developed. ‘The mixture was allowed to cool to room temperature. 
It was then poured on crushed ice (300 g.) and neutralised with strong sodium hydro- 
xide. No product was obtained. The solution was then charcoaled with the addition 
of a little more sodium hydroxide and filtered. The filtrate was acidified with 50% HCl 
and the product separating was collected, washed with water and dried (3.2 g., 32.1%). 
It was crystallised from alcohol, m.p. 230°. Mixed m.p. with an authentic specimen 
(Part V, this issue, p. 711) was undepressed, 








































SYNTHESIS OF 4-HYDROXYQUINOLINES 715 


4-Hydroxy 2-phenylquinoline was obtained by decarboxylation of the above acid 
as in Part V (loc, cit.), m.p. 254°. 4-Chloro-2-phenylquinoline (Part II, this Journal, 
1954, 31, 43), m.p. 60-62°. 

Condensation of Ethyl Benzoylcyanoacetate with o-Toluidine.—The ester (16.3 xg.) 

and o-toluidine were condensed as before, yield 11.1 g. 

4H ydroxy-2-phenyl-8-methylquinoline-3-carboxylic Acid.—The above acrylate 
(11.1 g-) was dissolved in acetic anhydride (20 c.c.) and sulphuric acid (10 c.c.)was added 
fo it; The product was worked up as before (2.6 g., 26%). It was crystallised from 
aqueous alcohol, m.p. 201-202°. Mixed m.p. with an authentic specimen (Part V, 
loc. cit.) was undepressed. 

4-Hydroxy-2-phenyl-8-methylquinoline was obtained by decarboxylating the above 
acid as in Part V (loc. cit.), m.p. 224-25°. 4-Chloro-2-phenyl-8-methylquinoline (Part II, 
loc, cit.), m.p. 8a-83°. 

Condensation of Ethyl Benzoylcyanoacetate with p-Toluidine.—The ester (16.3 g.) 
and p-toluidine (7.9 g.) were condensed together as before, yield 10.9 g. 

4-Hydroxy-2-phenyl-6-methylquinoline-3-carboxylic Acid.—The above acrylate (10.9 
g.) was dissolved in acetic anhydride (20 c.c.) and sulphuric acid (10 c.c.) was added 
to it. ‘The product was worked up as before (2.3 g., 23%). It was crystallised from 
aqueous alcohol, m.p. 209-11°. Mixed m.p. with an authentic specimen (Part V, loc. 
cit.) was undepressed. 

4-Hydroxy-2-phenyl-6-methylquinoline was obtained by decarboxylating the 
above acid as in Part V (loc. cit.), m.p. 294-95°. 4-Chloro-2-pheny]-6-methylquinoline 
{Part II, loc. cit.), m.p. 95-97°. 

Condensation of Ethyl Benzoyicyanoacetate with m-Chloroaniline.—The ester (32.5 
g.) and m-chloroaniline (19 g.) were condensed together as before, yield 18.2 g. 

4-Hydroxy-2-phenyl-5- and 7-chloroquinoline-3-carboxylic Acids.—The above acry- 
late (18.2 g.) was dissolved in acetic anhydride (30c.c.) and sulphuric acid ‘15 c.c.) 
was added to it. The product was worked up as before (4.8 g., 27.5%), m.p. 230°-261°. 

Separation of the Isomers.— The mixture of isomers (4.8 g.) was dissolved in hot 
glacial acetic acid (28c.c.) and the solution was allowed to cool. The product crys- 
tallising was filtered. 

Residue: 4-Hydroxy-2-phenyl-7-chloroquinoline-3-carboxylic acid was recrystalli- 
sed from glacial acetic acid, m.p. 350-52° (1.6g.). ‘Found: Cl, 10.9. CisHi.0,;NCI 
requires Cl, 11.1 percent). Its identity was proved by its decarboxylation to the 
corresponding known 4-hydroxy-2-phenyl-7-chloroquinoline. 

Mother-liquor: The acetic acid mother-liquor was diluted with water. The product 
(2.4 g.) was collected, washed with water, dried and recrystallised from alcohol twice, 
m.p. 242-45°. (Found: Cl, 11.2. CysH,UsNCI requires Cl, 11.1 per cent). Its 
identity was proved by its decarboxylation to the corresponding known 4-hydroxy 2- 
phenyl-5-chloroquinoline. From the weights of the products, the ratio of the 7-isomer 
to the 5-isomer was approximated at 40:60. 

4-H ydroxy-2-phenyl-7-chloroquinoline.— 4 - Hydroxy-2-phenyl-7-chloroquinoline-3- 
carboxylic acid (1.6 g.) was decarboxylated by adding in mineral oil (16c.c.) preheated 
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to 275° and maintaining the temperature at 270°-275° for five minutes, The oil 
containing the product was diluted with petroleum ether and the product was filtered 
(1.0 g.,73.2%). It was crystallised from glacial acetic acid, m.p. 355-57°, undepressed 
by an authentic specimen (Part II, loc. cit.). 4:7-Dichloro-2-phenylquinoline (Part II, 
loc. cit.) melted at 99°-100°. 

4-Hydroxy-2-phenyl-5-chloroquinoline was obtained by the decarboxylation of the 
above 5-chloroquinoline-3-carboxylic acid (2.0 g.) as before (1.3 g., 82%). It crystallised 
from alcohol, m.p. 280-82°, undepressed by an authentic specimen (Part II, loc..,cit.). 
4:5-Dichloro-2-phenylquinoline (Part I1, loc. cit.) melted at 102-103°. 

The authors express their gratitude to the College Authority for the facilities pro- 
vided and the grant for expenses incurred in the work. 


CHEMISTRY DEPARTMENT, Received December 19, 1653. 
M. T. B. ConneGr, Surat 


Errata 


In Parts III and IV of the series, published in the July issue, the following correc- 


tions are to be made. 


Page. Line. Read For 
533 I 688 638 
555 13 m.p. 357-58° 257-58° 
556 5 553 Pp. 556 


558 Io C,3H,,0,N C,sH,,N 
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ACTION OF LIGHT ON SOME ORGANIC COLOURING MATTERS. 
PART IV. INHIBITION OF FADING BY COPPER SULPHATE 


By C. M. Desai AND B. K. Varpya* 


The fading of triphenylmethane and nitro colours is inhibited by copper sulphate. Induction period 
increases with increase in salt concentration. With azo colours, it inhibits faijing at low concentrations 
and accelerates it at higher concentrations. 


The fastness of direct colours was found to be improved by sulphates of copper, 
nickel and cobalt, but basic dyes were not influenced (Krais, Z. Farb. Text. Chem., 
1902, 1, 22; Gebhard, Phot. Korr., 1914, 51, 163). Sisley (R.G. M. C., Juillet, 1923, 
97) made use of such sulphates to render silk dyeings fast. ‘:illet and Giot (Compt. 
rend,, 1923, 176, 1894) found with Diamine blue 2B and 3B on cotton that ccpper 
sulphate and suJphurous acid separately had no stabilising action, but a mixture of the 
two was very effective, perhaps through the formation of cuprous sulphate. Beyer 
(Le Papier, 1926, 307) used such salts with Malachite green and obtained a material 
of remarkable stability. Belenki (J. Textil. Imst., 1934, A 350) found that copper 
sulphate could prevent effectively fading of Aniline blue in solution. 


The present investigation deals wlth the role of copper sulphate as an inhibitor 
in the light fading process of aqueous solutions of some triphenylmethane, nitro and 
azo colours, 


ExPERIMENTAL 


Four solutions (0.002%, 25¢.c.) of each of eight dyes were exposed to direct 
sunlight during March-April in 50 c.c. pyrex flasks, the top being covered with 
cellophane paper. One of these was a pure colour solution, while the rest contained 
4x*107*, 8x1o~* and 40107 moles per litre copper sulphate (A.R.) respectively. 
At intervals, each exposed solution was matched with the corresponding unexposed solu- 
tion in a Leitz colorimeter, until the colour was discharged. ‘The typical results are ex- 
pressed by plotting colour decomposition against time in Fig. 1. 


‘The decreasing slope of the curves with increasing salt concentration indicates that 
triphenylmethane and nitro colours are inhibited to a greater extent with noticeable 
rise in the induction period. With azo colours, however, inhibition is produced at 
low salt concentrations, while fading is accelerated at higher salt concentrations and the 
curve passes on the cther side of that of the pure colour solution. In case of Chrysoi- 
dine, a brownish insoluble product was also seen to be formed as the decomposition 
proceeded. ‘This specific action of copper sulphate is seen more clearly in Fig. 2, 


*A. T. I. R. A., Ahmedabad. 









\ 
t 
t 
: 
t 
( 
( 


















































*(Wyl X b= % 1000) FOSND % ‘(skop) eansodxea fo aw 
12? — F000 ? — ~ £ s on § 
WIOIA jo yshy, 
jor 4a) «0! 
<= 
A oo ee aurprochyys 
= , ot vr 
4 4° 
> a 
ee eT ee td es = 
iM oo onses monrh joursudoy 3 
‘ 9- a 40€ 4o€ i) 
rss) 106 122d Ss > 
a ed - ‘ } “4 > 
A & a Tl : 
< m t —F 7 4 > 
=> = 
a 2 3 
mM ” io | 
= eS —p w & 
& 9.010% ib a " ~ 
= r a Oy Wy O14 8 “ 4 
eoeece Clk mE “BUFUIQoZOOusmy - 3 J 
. —_— or %00-% aurpios Ay 4> $x W,0ixh hogny4 , 7 
- oO 921 ¥ 02-0 aU UMsSoy o—o Ynojo> 2 
oe gO1¥RO-1 AD10tA foachw> wd 
Gunny 9-01 845-0 “Lark duoojoyw Jeg 
oo 9-0! ¥O-8 ‘uaovh, wong 
Vim 
“oyrdo, },, 
z OI eS | 


718 














ACTION OF LIGHT CN SOME ORGANIC COLOURING MATTERS 719 


where the time of half-change of each of the colours is plotted against salt concentra- 
tion, The half-change period increases gradually with increasing salt concentration 
till it reaches the limiting value when further increase in salt concentiation has no effect. 
With azo colours, however, the curves pass through maxima at low salt concentration, 
showing maximum retardation. Thereafter the period decreases with increase in salt 
concentration indicating increage in fading. It may be computed from these curves 
that copper sulphate at its optimum concentration delays the action of light about three- 
fold for triphenylmethane and two-fold for nitro colours, while with azo colours, 
retardation is small. The inhibition action of copper sulphate must be mainly due to 
deactivation of dye molecules by collision with salt molecules, except in case of azo 
coiours where there may be a kind of specific action between colour and the salt, as many 
azo colours form stable copper compounds (Drew et al., J]. Chem. Soc., 1938, 292). The 
possibility of copper sulphate acting as an inner light filter is ruled out, for the salt at the 
dilution used, has absorption in only red region of the spectrum. 

Tests carried out on silk and cotton fabrics dyed with these colours with copper 
sulphate as inhibitor showed the most pronounced stabilising effect with tripheny]- 
methane dyes on silk. With nitro and azo dyes (Chrysoidine) inhibition was observed, 
but the tint on treatment with this salt was altered a good deal. 

This work was carried out at the University Department of Chemical Technology, 
Bombay, The authors thank Dr. R. B. Forster and Dr. K. Venkataraman for their 
interest in the work. 


CHEMISTRY DEPARTMENT, 
M. T. B. COLLEGE, SURAT Received March 27, 1954. 
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ANOMALOUS BEHAVIOUR OF BENZYLCELLULOSE 
PREPARED FROM EGYPTIAN COTTON 


By HITENDRA BHUSAN ROY 


Intrinsic viscosity determinations of different fractions of benzylcellulose, prepared from 
Egyptian cotton, showed the precipitation to be rather irregular and at some stage, in the reverse 
order. The molecular weights of various fractions calculated by using the K and « values for the 
system were much higher than those obtained from osmotic pressure. Such discrepancies are 
ascribed to structural disparity in the benzylcellulose molecules. This may be explained by 
assuming the existence of cross-linked molecules in the benzylcellulose sample. It has also been 
shown that the peculiarities encountered in Egyptian cotton is not due to any ester-linkage. 


The fractionation experiment with benzylcellulose, prepared from Egyptian 
cotton, presents some peculiar and anomalous features. With a view to 
studying this peculiar behaviour more thoroughly, osmotic pressure and intrinsic 
viscosity measurements of different fractions of benzylcellulose in chloroform 
have been carried out, and the results discussed in the present communication. 


ExPERIMENTAL 


Fractionation and measurements of the osmotic pressure and intrinsic 


viscosity of benzylcellulose, prepared from Egyptian cotton, were carried out 
according to the procedure outlined in a previous communication (Basu and Roy, 
F. Sci. Ind. Res., 1952, 11B, 94). 


TABLE I 


Fractionation of benzylcellulose from Egyptian cotton. 
Solvent=chloroform. Precipitant = alcohol. 


Fractions. Pptd. % Intrinsic M. W. Fractions. Pptd. % Intrinsic M. W. 
remain- viscosity. remain- viscosity, 
ing in [1] ing in [1] 
soln. soln, 
0.4900 g. 77.7. 0.80 35,350 ViIl 0.1224 15.5 0.30 
0.7300 447 0.60 25,600 IX 0.1524 8.6 0,21 
0.1410 38.3 0.40 16,200 x 0.0720 5.4 0.17 
0.1430 31.8 0.43 17,600 XI 0.0580 2.5 0.11 
0.1190 26.5 0.61 26,000 XI 0.0376 11 0,02 
0.0774 22.9 0.43 17,600 XIII 0.0260 ae ne 
0.0594 20.3 0.58 24,600 


DISCUSSION 


It is evident from the intrinsic viscosities (Table I), determined for different 
fractions, that the precipitation is rather irregular and at some stage, in the 


reverse order. 
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Such reversed order of precipitation has also been observed by Morey and 
Tamblyn (7. Phys. Coll. Chem., 1947, 51, 742) for cellulose acetate and butyrate in 
acetone and pyridine solutions at different concentrations with precipitant like 
isopropyl ether. They ascribed this phenomenon to the end-group effect and 
found it to be dependent on concentration of the polymer and the nature of the 
solvent-precipitant system. Inthe present case the effect is neither due to the 
concentration nor to solvent-precipitant combination effect, since it has been 
seen with benzylcellulose, prepared from other cotton samples, that the 
precipitation is perfectly regular even at 10% polymer concentration with 
chloroform as the solvent and alcohol as the precipitant. This effect 
must therefore be due to some peculiarity in the benzyl ether sample 
itself. There can be only two possibilities: (i) difference in the extent of 
substitution or chemical disparity and/or (ii) difference in the geometric 
distribution of the groups or structural disparity, The first explanation is 
untenable. For, when a sample of benzylcellulose obtained from Egyptian cotton 
was separated into fractions by precipitation from chloroform solution with 
alcohol, each fraction corresponded to dibenzyl derivative with respect to carbon 
and hydrogen content obtained by combustion analysis, 


In order to decide whether the anomaly was due to any structural disparity 
or otherwise, more detailed and systematic investigations were taken up. The 
osmotic pressure measurements in chloroform solution were carried out with 
four fractions obtained from benzylcellulose (Egyptian cotton). The results are 
recorded in Table II and the corresponding 2/C versus C curves in Fig. 1. 


TABLE II 
Fractions. Conc, a|C x 104. # (from slope) Fractions. Conc, wiC x 104. #(from slope) 
x 105. x 105, 

I 0.2717% 8.24 III 0.2252% 12.60 
0.2038 8.28 -1.33 0.1689 13.80 -21.05 
0.1529 8.33 0.1267 14.20 

II 0.2008 9.61 IV 0.3820 16.10 
0.1506 10.61 -24.00 0.2865 18.90 -20.00 
0.1130 11.70 0.1924 22.10 


The molecular weights of the various fractions obtained from osmotic pressure 
and also calculated from the intrinsic viscosity of each fraction in chloroform 
using the K and « values as determined for this system (Basu and Roy, loc. cit.) 
are tabulated below. 


TABLE III 
Fractions. [7]. Mol. wt. Fractions (9). Mol. wt. 
Viscometric. Osmotic. Viscometric.  Oemotic. 
I 0.950 43,000 29,350 Ill 0.457 18,800 15,400 


25,600 17,330 IV 0.240 9,300 9,000 
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It is evident that the calculated values of molecular weights are much higher 
than those obtained experimentally for these fractions, which may mean that 
Staudinger’s equation is not applicable to the first four fractions. Similar 
discrepancies between viscometric molecular weights and end group or osmotic 
molecular weights of ethylcellulose were obtained by Hess and Steurer (Ber., 1940, 
73, 669). They explained those discrepancies by assuming the existence of cross- 
linked molecules in the cellulose ether samples, in which the chain molecules 
were laterally connected by primary valency bridges. It was suggested that 
during the process of formation of cellulose chain in nature, some of the pyranose 
rings of the parallelly aligned chains might open up and be re-established inter- 
molecularly with the consequent formation of inter-meshing bridges as shown 
below. 


| 
0<>0X _}-0< 0 

oO | 0 | 

Cc Cc 
How far this structure is true is not known ; it is as difficult to prove as it 
is to disprove it. But the existence of some type of cross-linking or branching in 
native cellulose and its existence even in cellulose derivatives have since been 
demonstrated by a number of workers from the measurements of various physical 
properties such as measurement of film thickness (Hess and Steurer, loc. cit.), 
flowing birefringence (Singer and Gross, Z. physikal. Chem., 1933, 165, 161 ; Opderbeck, 
Ann. Rep. Chem. Soc., 1939, 271) and anomalous viscosity of solutions of some 
cellulose acetate samples (Sakurda and Lee, Kolloid Z., 1932, 61, 50), although the 
actual chemical nature of such linkage is still obscure. The peculiar charac- 
teristic in the fractionation of benzylcellulose from Egyptian cotton may, in all 
probability, be ascribed to the existence of cross-linking in the Egyptian cotton 


used. 


Doty, Brownstein and Schleuer (7. Phys. Coll. Chem., 1949, 53, 213) made 
a systematic study of the effect of branching or cross-linking on the osmotic 
pressure values for polystyrene samples in which different exten: of 
branching or cross-linking was introduced by such agents as divinylbenzene 
and di-isopropyldipheny] in low concentrations. They have come to the conclusion 
that a branched or cross-linked polymer differs from a linear one in that a 
typical polymer segment is constrained to move in a region of greater local 
concentration of other polymer segments and will therefore enjoy. more 
contact with other polymer segments in a cross-linked or branched product. 
Consequently the value of B,the slope of #/C—C curve (ory) for a solution of 
cross-linked polymer is not as high as the solution of a linear polymer, or 
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in other words, introduction of cross-linkages diminishes the » value of a 
linear polymer. Those expectations were nicely verified by the above authors 
for cross-linked polystyrene samples from the variationsin mw values for the 
solutions of polystyrene samples prepared at different temperatures, These 
authors also demonstrated the existence of branching in these samples owing 
to polymer-transfer reactions, particularly at high temperatures. These subs- 
tances, however, gave molecular solution in toluene without any solvent- 
solute interaction. If, one the other hand, there be mutual solute-solute 
attraction between molecules in solution, then the picture of the solution 
owill be somewhat different if branching be introduced in the molecules. The 
existence of lateral branching will hinder considerably the closer parallel 
alignment of the two molecules, since the overlapping of the molecules is not 
possible, and consequently the mutual attraction, which falls off rapidly with 





Fic. 1 distance, between the seg- 

- So — ments of solute particles will 

} be less than that for sub- 

| | stances which havea strong 


tendency to associate in 
solution. Introduction of 
branching or cross-linking 
will diminish the negative 
slope of 2/C versus C curves, 
4 and hence, the » value. It 
4 will be evident from the 2/C 
+ versus C curves for different 
| fractions of benzylcellulose 
from Egyptian cotton (Table 
II and Fig. 1) that the slope 
of the #/C—C curve for the 
first fraction is extremely 
| small, the line being nearly 
| parallel to the C-axis. For 
; the other fractions the slope 
gol —. = — — + is also different from the 

~ benzylcelluloses obtained 
from other cotton samples although they are mutually parallel to one another. 
We may conclude therefore that these three fractions form a more or less 
homologous series although in some way structurally different from benzylcellulose 
obtained from other cotton samples, while the first fraction is undoubtedly an 
extensively branched or cross-linked compound. 


ne 

















It may be argued that inter-chain linkages developed during processes 
subsequent to benzylation reaction, rather than cross-links, may be responsible 
for this sort of behaviour of benzylcellulose prepared from Egyptian cotton. 
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It has actually been observed (Staudinger and Sohn, 7. prakt. Chem., 1940, 155, 186) 
that when such ester linkages are present, the properties of cellulose derivatives 
are profoundly altered. Thus an acetate of such a compound is insoluble 
in common organic solvents although soluble in m-cresol. The degree of 
polymerisation of the acetate in m-cresol was also found to be higher than that 
of the cotton sample itself in cuprammonium. When the acetate was treated 
with mild hydrolysing agent like phosphoric acid or dilute caustic soda, the 
degree of polymerisation of the acetate became nearly equal to that obtained 
from the cuprammonium viscosity of the cotton. It may be argued that if 
the anomalous character of benzylcellulose from Egyptian cotton be due to 
the existence of ester linkages, the action of mild hydrolysing agents will 
diminish the D.P, of the benzyl ether. When, however, benzylcellulose was 
treated with alcoholic caustic soda, intrinsic viscosity stayed at a constant 
value of 0.48. 


It is evident therefore that the peculiarities encountered in Egyptian cotton 
is not at least due to any ester linkage. 


Thanks are due to Prof. Santi R. Palit and Dr. Sadhan Basu for their kind 
interest and helpful suggestions. 


DEPARTMENT OF PHYSICAL CHEMISTRY, 
INDIAN ASSOCIATION FOR THE 
CULTIVATION OF SCIENCE, 
CALCUTTA-32. 


Received Fune 5, 1954. 
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THERMAL DECARBOXYLATION OF BENZOIC ACID 
By S.S. MUHAMMED AND Miss Aziz SIppIQUI 


Thermal decarboxylation of benzoic acid in resorcinol solution has been studied at 255° to 267°, 
‘The activation energy has been found to be 41.9 k. cal, 


The process of thermal decarboxylation is essentially an electrophilic 

substitution : 

O 

H+R- c¢ + HR+CO, + H 

OH 
Like nucleophilic substitutions of Hughes and Ingold (7. Chem. Soc., 1935, 244) 
it may occur by unimolecular or bimolecular mechanism (Schenkel and Schenkel- 
Rudin, Helv. Chim. Acta, 1948, 31, 514). In the unimolecular (called §S,1) 


mechanism the dissociation of carbon-carboxy bond is the rate determining 
step: 


O - [ O 1 + 
-c-c€ + -C+ c¢ | (slow) 
OH . OH 
This is followed by fast reactions like 
=-C + H — -CH 
[ O ] , (fast) 
Cc > CO, +H ( 

L “Non J 
Halogeno-acetic acids (Kappana, Z. physikal. Chem., 1932, 158A, 355; Verhoek et al., 
j. Amer. Chem. Soc., 1934, 56, 571 ; 1945, 67, 1062 ; 1947, 69, 613, 2987; 1950, 72, 299), 
malonic acids (Muus, 7. Phys. Chem., 1935, 39 ; 343 ; 1936, 40, 121 ; Hall, 7. Amer. Chem. 
Soc., 1949, 71, 2691 ; Knaus, Tables Annuelles, 1923-24, VI, p. 1031), picolinic, quinal- 
dic and isoquinaldic acids (Brown and Hammick, 7. Chem. Soc., 1949, 173, 659, 2577) 
are best examples of unimolecular decarboxylations. The bimolecular mechanism 
(known as S; 2) involves the attack of a proton or protonated solvent at the 


«-carbon (relative to carboxyl group) and the rate is determined by the attraction 
of proton by the <-carbon atom : 


: ° oro 
H+ -c-c¢ +-cH+)cd (slow) 
O 


H L on 


This is followed by the very rapid reaction : 


ca 


* CO, + H (very fast) 
OH 
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Though Fieser and Fieser (“Organic Chemistry”, 1944, p. 674) had suggested 
the probability of bimolecular mechanism in the case of ortho- and para-hydroxy 
acids, no experimental evidence was available till 1948. Schenkel and Schenkel- 
Rudin (loc. cit) qualitatively proved the validity of bimolecular mechanism for 
the decarboxylation of anthracene-9-carboxylic acid, since it occurred more readily 
in acidic solvents than in basic solvents. Similarly Johnson and Heinz (7. Amer. 
Chem. Soc., 1949, 71, 1913) studied substituted cinnamic acids in acid media and 
found the order of rates to be proportional to electron effects of the substituents 
R’ and R” in accordance with the following mechanism : 


Ph. CR’: CR". COOH+HA > PhC R’. CHR’. COOH +A’ (slow) 


Ph. C R’. CHR”. COOH -+Ph.CR’ : CHR’ + CO, + H fast) 

Further, Schubert (ibid., 1949, 71, 2639) showed that decarboxylation of mesitoic 
acid in aqueous sulphuric acid depended on the concentration of hydrogen ions. 
Hammick et al. (7. Chem. Soc., 1950, 778 ; 1951, 1384) made a study of ortho- and para- 
hydroxybenzoic acids as well as 2:4- and 2:4:6-hydroxybenzoic acids and found 
the validity of the bimolecular mechanism. It was obvious that these studies 
could be extended to other derivatives of benzoic acid such as chlorobenzoic acids. 
But before taking these up it was considered important to collect data about the 
decarboxylation of benzoic acid itself. The following is the first instalment 
of the work conducted in this laboratory. 


ExPERIMENTAL 


As pointed out by Hammick et al. (loc. cit.), resorcinol due to its acid character 
is a suitable solvent for these studies. In presence of a constant excess of this 
solvent, the bimolecular decarboxylation shows first order kinetics and this 
simplifies the analysis of results. 


The technique adopted to follow the reaction was mostly by measuring the 
volume of carbon dioxide evolved. The apparatus was similar to that used by 
Walton (Z. physikal. Chem., 1904, 47, 185), About 20 g. of resorcinol was taken in it 
and heated in a constant temperature bath between 250° and 270°. When it attained 
the desired constant temperature, a weighed amount of benzoic acid (from 0.03 to 
0.15 g.) was added in the molten solvent and CO, gas was collected at room temper, 
ature in a measuring burette filled with water, saturated with CO,. The volume 
of gas collected was noted at desired intervals. 


The analysis of results was carried out by plotting the CO, volumes against 
time. The asymptote of this curve represents the volume of CO, at the comple- 
tion of the reaction, designated as V,,. Then (V.,-V,) represents concentra- 
tion at zero time and ( V,, -V, ), concentration at the interval ¢, where V, is the 
volume of CO, initially and V , the volume evolved at the interval t. Use of the 
expression : 


a 2.303 V., = Vy 


k= 2 og 2 


VY, 
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gave a value of rate constant which was fairly constant during a period in which 
about one third acid originally taken decomposed, Table I shows typical data 
obtained at 265°. 


TABLE I 
Time. Vol. of COe. (Veo — Vi). Log (Veo — Vi). kx 102, 

0 min. 2.0 ml. 46.1 1.6637 
2 5.1 43.0 1.6335 3.480 min~1, 
4 8.2 39.9 1.6010 3.610 
6 10.8 37.3 1.5717 3.533 
8 13.7 34.4 1.5366 3.659 

10 16.5 31.6 1.4997 3.777 

12 18.5 29.6 1.4713 3.692 


60 48.1 
Mean 3.675 


But the rate constants were generally derived from the slope of log os time 
curves. 

In a few experiments a thermostatic oven was used to heat the reaction 
system and the evolved CO, was absorbed in baryta water of known strength. 
The precipitated BaCO, was filtered off and the strength of the remaining 
solution was determined by titration. 


Table II contains values of rate constants at three temperatures : 255°, 
260° and 267°. 


TABLE II 
Temp. Velocity constants (& x 102 min-1!), Mean &x 10? min-!, 
528°K 1.731 1,941 1.876 1.874 1.656 1.816 
533° 2.503 2.533 2.810 2.965 2.645 2.691 
540° 4.606 4.491 4.099 4.376 4.263 4.367 


The plot of log k vs 1/T gives a value of 42450 cal. per mole as the activa- 
tion energy. But according to Hinshelwood (“Kinetics of Chemical Change”, 
1940, p.55) 1/2 RT calories have to be subtracted in order to allow for the 
variation of activation energy with temperature, Hence, the corrected value 
is 41.9 kcal. This compares favourably with 39.0 k cal. which is the value 
estimated by Brown and Hammick (7. Chem. Soc., 1950, 778) based on the fact 
that benzoic acid does not decompose up to 250°. The present investigation 
verifies this observation, as the rate of decarboxylation of benzoic acid is 
only appreciable at 255°. 

Further work such as the study of decomposition of benzoic acid in the 
fused state and the effect of substituent groups on decarboxylation is in progress 
and will be reported in due course. 

One of authors (A.S.) is indebted to the Government of India for the award of 
a research fellowship, which enabled her to carry out this work. 
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ta ANALOGY OF FLUOBERYLLATES WITH SULPHATES. 
PART IX. A NEW TYPE OF ALUM 


By AmMIvA KANTI GHOSH AND NIRMALENDUNATH RAY 


A chromium alum containing fluoberyllate radical has been prepared and its properties studied. 


Ray et al. (Z. anorg. Chem., 1931, 201, 289 ; 1932, 205, 287 ; 206, 209 ; 1936, 227, 32, 
103; 1939, 241, 165; Science G@ Culture, 1950, 16, 216; this Journal, 1953, 30, 221) 
have shown that fluoberyllates are closely analogous to the sulphates. Until now 
no alum containing the fluoberyllate radical seems to have been obtained. Curjel 
(Nature, 1929, 123, 206) prepared an alum of the formula K,BeF,, Al,(SO,)s, 
24H,O by mixing solutions of equimolecular quantities of K,BeF, and 
ad Al,(SO,);. No analytical data are, however, available in support of the above 
formula. In view of the fact that fluoberyllates are isomorphous with corres- 
= ponding sulphates, the compound prepared by Curjel is probably an isomorphous 
me mixture of alums rather than a definite compound of the above formula. 





ExPERIMENTAL 


; Preparation of alums containing the fluoberyllate radical only by mixing 
equimolecular quantities of constituent fluoberyllates has not been possible as 
simple fluoberyllates of the tervalent metals have not yet been obtained in the pure 
state. A solution of aluminium fluoberyllate was prepared by double decomposition 
between requisite quantities of aluminium chloride and silver fluoberyllate. 
The solution obtained after filtering out silver chloride was mixed with 
ammonium fluoberyllate and evaporated over concentrated sulphuric acid in a 
desiccator. A syrupy solution was obtained which produced overgrowth on 
small octahedral crystals of potash alum. But the syrupy solution did not 
crystallise and on further evaporation in vacuo, set toa glassy mass. A chromium 
alum containing the fluoberyllate radical has, however, been obtained by the 
following method. 


a ee 


Saturated solutions of violet Cr(NO,),, 9H,O and (NH,),BeF,, taken in the 
molecular proportion of 1 : 2 respectively, were cooled by ice and salt, and mixed. 
To the well cooled mixture very cold glacial acetic acid was added dropwise. 
After a while finely divided crystals appeared. The crystals were filtered, 
washed with dry acetone, and dried in air. The compound was recrystallised 
by adding acetone toa saturated aqueous solution of the substance, which was 
violet in colour. [Found: Cr, 11.5; Be, 3.90; N,3.11. Calc. for (NH,), BeF,, 
Cr,(BeF,),, 24 H,O: Cr, 11.4; Be, 3.95 ; N, 3.07 per cent]. 


The same compound was obtained by varying the proportion of the 


constituents. 
2 
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The compound formed -violet octahedral crystals, which dissolved readily 
in water, producing a dark coloured solution which appeared violet through 
transmitted light. The compound is insoluble in organic solvents like alcohol, 
acetone, etc. The solution on keeping slowly turned green even in the cold. 


The dry substance also slowly turned green at ordinary temperature but 
at very low temperature the dry salt was stable. The dried crystals readily 
lost their crystalline structure at elevated temperatures (about 30°) and turned 
into a gummy mass, which was soluble in water producing a green solution. 
By adding acetone to the green solution, violet crystals of the alum, however, could 
not be obtained. The specific gravity of the dry violet solid is 1.581 at 33° and 
mol. vol., 573.64. Specific gravity of the sulphate alum is 1719 at 20° and mol. 
vol., 560.46 (Bladstone, Phil. Mag., 1885, v, 20, 162). 


Refractive index of a 10% solution of the violet alum has been found for D-line 
at 33° to be 1.3385. The corresponding value for the violet sulphate alum, of a 
4-6% solution between 7° and 14° has been found to be 1.4842 (Soret, Arch. Sci. 
Geneve, 1885, iii, 13, 16 ; 1888, 20, 520 ; Compt. rend., 1884, 99, 868 ; 1885, 101, 156). 


When kept in a desiccator, the alum lost about half the number molecules 
of water of crystallisation in course of a few days, turning into a green powder. 


Investigation on the methods of preparations of other alums containing 
fluoberyllates of Fe, Al and Cr is in progress, 


One of us (A. K. G.) is grateful to the Ministry of Education, Government 
of India, for a research scholarship. 


CHEMICAL LABORATORY, Received May 6, 1954, 
PRESIDENCY COLLEGE, CALCUTTA—12, 
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ANALOGY OF FLUOBERYLLATES WITH SULPHATES. PART X. 
FLUOBERYLLATO-TETRAMMINE-COBALTIC SALTS 


By Asim BIKASH RAy, SIDDHESWAR BANERJEE AND NIRMALENDUNATH RAY 


The following complex tetrammine cobaltic salts were obtained : 
(a) [Co(NH3)4 (H2O)al2 (BeF,4)s ; (6) [Co(NH3s)4 BeF4]2 BeF, ; (¢) [Co(NH3)4 BeF,] Cl, 
5H20; (4) [Co(NHs),BeF,] NOs. 3H20; (¢) [Co(NHs), Nae | BeFe 


In these complexes the fluoberyllato radical in contrast to the corresponding sulphato complexes 
occupies two co-ordination positions. 


Chemical analogy of fluoberyllates with sulphates has been extensively 
studied by Ray and co-workers (vide Part IX, this issue, p. 729) 


Hexammine cobaltic fluoberyllate was prepared by Ray (2. anorg. Chem., 
1939, 241, 165). No attempt has, however, been hitherto made to see whether the 
fluoberyllate radical can enter the co-ordination zone and form fluoberyllato 
complexes similar to sulphato complexes studied by Jorgensen [7. prakt. Chem., 
1885, ii, 31, 268), Werner and Miolati [Z. physikal. Chem., 1896, 21, 235), Job (Bull. soc. 
chim., 1923, iv, 33, 15), Ephraim and Fliigel (Helv. Chim. Acta, 1924, 7, 735) 
and others. 


That the fluoberyllate radical can form fluoberyllato complexes similar 
to the sulphato complexes has been proved by the preparation of the following 
fluoberyllato-tetrammine-cobaltic salts : 


(I) [Co(NH;),(H,0),], (BeF,)s ; 
(II) [Co(NH;),BeF ,],BeF, ; 
(III) [Co(NH,),BeF,)C15H,O ; 
(IV) [Co(NH;),BeF,]NO,.3H,0O ; 
[Co(NH;),H,0.S,0;),BeF, (V). 


The corresponding sulphate and sulphato complexes are : 


[Co(NH,),(H0);],(S0,)s3H,0; [Co(VH,), §§. ],S0..2(4)H,0; 
) NH;), (NH,) 
[co | ‘SO: ‘az,0 Jel; [Co ‘Gg ; 18 $0,]NOs: [Co Fots 0,)J2 $0. 


Compounds (III) and (IV) are hydrated. All the molecules of water in 
each of these compounds are removed on keeping over concentrated sulphuric 
acid. The water molecules are therefore outside the co-ordination zone. The 
fluoberyllato radical thus occupies two co-ordination positions, Compound (II), 








732 A. B. RAY, S. BANERJEE AND N. RAY 


which is a fluoberyllato-fluoberyllate, confirms this. In the sulphato complexes 
the sulphate radical occupies one co-ordination position. In the polynuclear 
complexes, however, such as : 

(2) Sulphato-octammine-y-amino-dicobaltic salts [Werner, 2. anorg. Chem., 1898, 
16, 139, 149 ; Ber., 1907, 40, 4610 ; _ 1910, 375, 35) 


((NH,),Co< 50. Hs>Co(NH;),)X3 


(6) Sulphato-tetraethylenediammine-y-amino-dicobaltic salts [Werner, Ber., 
1914, 47, 1965, 1976 ; Annalen, 1910, 375, or 


[en,Co< 302>C0 en,)X;> 


(c) Sulphato-octammine-s-imino-dicobaltic salts (Werner, Z. anorg. Chem., 1899, 
21, 106 ; 108; Annalen 1910, 375, 14) : 


N 
[(NH,),Co<§¢) >Co. (NH,),]X2-3H,0 
the sulphate radical occupies two co-ordination positions. 


In an attempt to prepare the thiosulphate derivative of fluoberyllato- 
tetrammine-cobaltic fluoberyllate, it was observed that the thiosulphate radical 
displaced the fluoberyllate radical from the co-ordination zone, forming aquo- 
thiosul phato-tetrammine-cobaltic fluoberyllate in place of fluoberyllato-tetrammine- 
cobaltic thiosulphate, This is obviously due to the lesser electro-negative 
character of the thiosulphate group. 


ExPERIMENTAL 


Starting materials were carbonato-tetrammine-cobaltic nitrate (Vortmann 
and Blasberg, Ber., 1889, 22, 2650) and ammonium fluoberyllate (Ray, Z. anorg. 
Chem., 1931, 201, 294). 


Diaquo-tetrammine-cobaltic  Fluoberyllate—Carbonato-tetrammine-cobaltic nitrate 
(13 g.) was dissolved in the minimum quantity of water and to it was added with 
constant stirring cold 4N-HNO, until effervescence had ceased. A few drops of 
nitric acid was added in excess to make it slightly acidic. The solution was 
filtered. 

A saturated solution of (NH,),BeF, (6g.) was made in cold water, Both 
the solutions were cooled in ice and salt and then mixed. The mixture was 
kept in the cooling bath for 2 to 24 hours and was stirred from time to time. Deep 
rose coloured crystals were obtained. These were filtered under suction, washed 
once with ice-cold water then with 60% alcohol and dried in air. {Found : 


Co, 20.31 ; Be, 4.50; NH,, 23.51. [Co CLO, (BeF’,); requires Co, 20.30; Be, 
4.65 ; NH;, 23.41 per cent}. 


The salt does not lose water when kept over concentrated sulphuric acid 
in a desiccator. 4,92, at 30°=548 ohms~! [u,,,, for K,Fe(CN),=—558 ohms~']. 
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Fluoberyllato-tetrammine-cobaltic fluoberyllate was obtained by heating di-aquo- 
tetrammine-cobaltic fluoberyllate toa constant weight at 105°-110°. The subs- 
tance is light brown in colour and readily soluble in water. {Found : Co, 23.03 ; 


Be, 5.15; NH,, 26.51.[Co (NH) Ber, requires Co, 23.18; Be,5.30; NH,, 26.71 
BeF, J, 
per cent}. 


To a freshly prepared solution of the substance in water an excess of barium 
chloride solution was added in the cold. A heavy white precipitate was obtained 
which on analysis was found to be BaBeF,. ‘The precipitate was filtered and the 
clear filtrate on boiling gave a further precipitate of BaBeF,. 


[Co (NH;), BeF ,], BeF, + BaCl, =2 [Co(NH;),BeF,] Cl+BaBeF, 
[(Co(NH,), BeF,] Cl+ 2H,O0+ BaCl, =(Co(NH;),(H,O),] Cl; + BaBeF,. 
# 1,994 in ice cold water =272 ohms~'[# 92, for K,SO, =273 ohms") 


After keeping the solution for 3 hours at 30° 4,92, becomes 530 ohms~'. This 
is evidently due to the following reaction : 


[Co(NH,), BeF,],BeF, +2H,O = [Co(NH;),(H,O)s], (BeF,)s- 


Fluobergllato-tetrammine-cobaltic chloride was obtained by double decomposition 
between equimolecular quantities of fluoberyllato-tetrammine-cobaltic fluoberyl- 
late and barium chloride at room temperature (30°). Barium fluoberyllate was 
filtered off and the filtrate was concentrated over concentrated sulphuric acid in 
a vacuum desiccator. It is a red coloured substance giving a rose-red solution. 
It does not give any precipitate with BaCl, in the cold but does so on boiling. 
{Found : Co,17.41 ; Be,2.61 ; NH;,20.21. (Co(NH;),BeF,)C1.5H,O requires Co,17.48 ; 
Be, 2.66 ; NH;, 20.15 per cent.} 


On dehydration over concentrated sulphuric acid in a vacuum desiccator 
it lost five molecules of water. Loss in water found was 26.02% (calc. 26.37%). 
# 10924 in ice cold water =133 ohms~ [# , 92, for AgNO; =131 ohms~']. 


On keeping the solution » gradually increases and the solution readily gives 
a precipitate with BaCl, in the cold. 


Fluoberyllato-tetrammine-cobaltic nitrate was prepared by double decomposition 
between fluoberyllato-tetrammine-cobaltic fluoberyllate and barium nitrate in 
equimolecular proportions at room temperature (30°). Barium fluoberyllate 
was filtered off and the solution was concentrated over concentrated sulphuric 
acid in a vacuum desiccator. 


It is a red coloured substance giving a pink solution. It does not give any 
precipitate with BaCl, in the cold but does so on boiling. {Found: Co,17.95; 





734 A. B. RAY, S. BANERJEE AND N. RAY 


Be, 2.73 ; NH,,20.63 ; N,(total),21.30. [Co(NH;),BeF,]NO;.3H,O requires Co,17.98 ; 
Be, 2.74 ; NH;, 20.73 ; N, (total), 21.30 per cent}. 


On dehydration over concentrated sulphuric acid in a vacuum desiccator, 
loss in water was found to be 16.35% (calc. 16.46%); #1924 in ice cold water= 
128 ohms~!. On keeping the solution » gradually increases and the solution readily 
gives a precipitate with barium chloride. 


Thiosulphate-aquo-tetrammine-cobaltic fluoberyllate was prepared by double decom- 
position between strontium thiosulphate and fluoberyllato-tetrammine-cobaltic fluo- 
beryllate in equimolecular proportions. Strontium fluoberyllate was filtered off and 
the filtrate was cooled in a freezing mixture of ice and salt. A green substance in- 
soluble in water was obtained. On using an excess of strontium thiosulphate the 
whole of fluoberyllate was precipitated as strontium fluoberyllate. {Found : Co, 19.64; 


H ' 
Be, 147; NH,, 22.71. [Co (3.0. 'H:0] BeF, requires Co, 19.70 ; Be, 1.50; NH,, 
22.71 per cent}. 


CHEMICAL LABORATORIES, Received May 6, 1954 
PRESIDENCY COLLEGE, 


CALCUTTA. 
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SYNTHESIS OF CYANINE DYES BY THE CONDENSATION OF 
p-DIETHYLAMINOBENZALDEHYDE WITH APPROPRIATE 
HETEROCYCLIC COMPOUNDS, PART V 


By M. Q. DojaA AND ARUN KuMAR SINHA 


Four new sensitising dyes have been prepared by introducing amino, chloro, bromo and iodo 
groups in the 6-position of 2-p-diethylaminostyrylquinoline ethiodide. The dyeing, optical, photographic 
and other properties of these dyestuffs have been examined. Some new intermediates have also 
been described. 


Cyanine dyes of the quinoline series are known to be marked photographic 
sensitisers (Mills and Braunholtz, 7. Chem. Soc., 1923, 123, 2804; Bloch and 
Hamer, Phot. 7., 1928, 68, 21; Hamer, 7. Chem. Soc., 1928, 206; 1929, 2598; 1930, 
995 ; Mees, 7. Opt. Soc. Amer., 1931, 21, 753; 1932, 22, 204; 1933, 23, 229; 1935, 25, 
80 ; Doja, Chem. Rev., 1932, 11, 273; Clark, Trans. Amer. Inst. Chem. Eng., 1934, 31, 
60; 1936, 32, 111; Doja, this Journal, 1940, 17, 348; 1941, 18, 281; 1943, 20, 180; 
Doja etal., 7. Sci. Ind. Res,, 1943, 1, 180; 1944, 2,1; Hamer, Quart. Rev., 1950, 4, 327). 
Their photographic properties, however, are greatly influenced by the nature 
of the substituents in the heterocyclic rings. For instance, in the styryl series, 
there are dyestuffs, which are very good sensitisers (Barbier, Bull. Soc. chim., 1920, 
27, 427 ; Mills and Smith, 7. Chem. Soc., 1922, 121, 2724 ; Smith, ibid., 1923, 123, 2288 ; 
Hamer, ibid., 1924, 1348; Bloch and Hamer, Phot. 7., 1930, 70, 374), but there 
are others, which, though conforming to the type, desensitise (Farbw. Vorm. 
Meister, Lucius and Burning, G. P. 396, 402; I. G. Farbenind. A-G., B. P. 262, 816; 
Hamer, Phot. 7., 1929, 69, 409). Generally speaking, an increase in the 
molecular weight of the dye often leads to a shift of the region of absorption 
and sensitisation towards the red end of the spectrum, thus enhancing its 
value as a sensitiser. In the present investigation we have tried to combine 
the effect of increasing molecular weight and changing substituent. Choosing 
2-p-diethylaminostyrylquinoline ethiodide (I), amino, chloro, bromo and iodo 
groups have been successively introduced into the 6-position, and the characteris- 
tics of the dyes examined (cf. Doja and Prasad, this Journal, 1943, 20, 153; Doja 
and Pandey, ibid., 1944, 21, 83). ‘ 
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The dyestuffs have been prepared by the condensation of the ethiodides of the 
corresponding bases with -diethylaminobenzaldehyde in absolute alcoholic 
solution with piperidine as a catalyst. 
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In regard to yield, the iodo compound gives the highest. Among the 
halogen-substituted dyes, the yields are in ascending order from chloro to iodo. 
The amino and the iodo derivatives are insoluble in cold water, but the chloro 
and bromo derivatives are slightly soluble. The solubility of the amino compound 
remains unchanged with temperature, the chloro, bromo and iodo compounds, 
onthe other hand, become more soluble on warming. All are readily soluble 
in methyl and ethyl alcohol and glacial acetic acid. It has been observed that 
dilute acetic acid solutions of these dyestuffs deepen in colour on warming, and 
on cooling the intensity gradually decreases and the original colour is eventually 
restored. This phenomenon has also been observed in the thiazole series 
(Doja and Banerji, ibid., 1946, 23, 217). 


The chief characteristics of these dyes have been summarised in Table I. 
Alcoholic solutions of the halogen derivatives are all coloured violet with a 
pronounced reddish tinge, while that of the amino compound is red. Their 
relative intensities have been colorimetrically determined for 1: 100,000 
solutions in rectified spirit and are shown in column 8 of the table. In Table I 
are recorded the colour and shape of the crystals, the melting point, yield, and 
their reflexes and the pleochroism of the dyes. 


The colour of these solutions is completely discharged by the addition of 
mineral acids and is probably due to the destruction of the conjugated system 
which is responsible for the colour (cf. Brooker, Sprague, Smyth and Lewis, 
j. Amer. Chem. S@y 1940, 62, 1116). A measure of the relative resistance to 
decolorisation has been obtained by titrating 2 c.c. of 1: 50,000 solution of 
the dye in ethyl alcohol with N/100-HCl, figures for which are shown in 
Table I. It will be seen that the amino compound is less resistant than the 
halogenated compounds, and among the latter, the order is chloro> iodo> bromo. 

The fluorescence of weak alcoholic solutions (1: 100,000) is recorded in 
Table III. These have been observed by the method described by Doja (this Journal, 
1940, 17, 347). 


TABLE III 
Colour of the fluorescent beam seen at right angles to the incident beam. 
Wallace 
colour A. B. C. D. 
filter No. 
1 Weak red Crimson Brilliant red Deep red 
2 Orange-sed Brilliant red Flaming red Deep rose-red 
3 Light rose-red Violet Pink rose-red Violet 
4 Orange Red with slight Orange Bright orange-red 
yellow tinge 
5 Light yellow Orange-yellow Light orange-yellow Orange-yellow (faint 
gteenish tinge) 
6 Do Olive-green Light absorbed Weak reddish yellow 
7 Bottle-green Emerald-green Sage-green Light absorbed 
8 Sage-green Green Bluish green Bluish green 
9 Light absorbed Blue-violet Blue Blue-violet 
0 Lemon-yellow Yellowish red Reddish yellow Brick-red 
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Cyanine dyes generally produce pretty but fugitive shade on cotton, wool 
and silk. The compounds now synthesised have been dyed in the usual way and 
the colours obtained are summarised in Table II. These colours, however, are 

Fic. 1 


Unbathed 


Sensitisation 


Absorption 


Sensitisation 


Dye (B) 

Absorption 

Sensitisation 
Dye (C) 

Absorption 
Dye (D) Sensitisation 





not fast either to soap washing or to sunlight. In regard to soap washing, 
the halogen compounds are a little more resistant than the amino compound. 
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It has been noticed among the halogen derivatives that wool on exposure to 
sunlight loses its colour much more easily than either silk or cotton. 


The sensitisation spectra of the dyestuffs as determined by means of a wedge 
spectrograph are shown in TableI. It will be seen, that none of them are useful 
sensitisers, the introduction of the atoms and substituents not having produced 
any great effect. There has been a shift, however, towards the red with increasing 
molecular weight. Comparatively speaking, the amino compound has a more 
intense, and the halogen compounds a more extensive sensitisation. Details are 
recorded in columns 10 and 11 of Table I, The similarity of the halogen derivatives 
are reflected in their sensitisation spectra. The absorption spectra of all these 
compounds are single banded. The absorption and sensitisation spectra of these 
compounds as shown in Fig. 1. 


EXPERIMENTAL 


6-Aminoquinaldine Ethiodide—6-Aminoquinaldine (3 g.) (Hamer, 7. Chem. Soc., 
1921, 119, 1435) and ethyl iodide (4.5 g.) were heated together in a sealed tube 
for 48 hours in a steam-bath, The resulting solid was recrystallised from water 
in yellow crystals, m.p. 210°, yield 1.0 g. (16.7%). (Found: I, 40.3. C,,H,,N,I 
requires I, 40.4 per cent). 


2-p-Diethylaminostyryl-6-aminoquinoline  Ethiodide.—6-Aminoquinaldine ethiodide 
(0.63 g.), p-diethylaminobenzaldehyde (0.35 g.), piperidine (4 drops) and absolute 
alcohol (20 c.c.) were heated together in a flask under reflux for 6 hours. The 
solution was concentrated to one-third volume, cooled in a refrigerator for two 
days but no crystals appeared. Then alcohol was removed, the viscous mass was 
washed with ether, dilute glacial acetic acid added, warmed, the solution filtered 
and kept corked. On cooling, crystals separated, which were filtered, washed 
with a little water, and then recrystallised from methyl alcohol, yield 0.2 g, 
(Found : N, 8.9 ; I, 27.0. C,,;H,,N;I requires N, 8.9 ; I, 26.8 per cent). 


6-Chloroquinaldine Ethiodide.—6-Chloroquinaldine (2.5 g.) (prepared from amino 
compound by Sandmeyer’s reaction, m.p. 92°) and ethyl iodide (4.0 g.) were 
heated together in a sealed tube for 36 hours in a steam-bath. The crystalline 
mass formed was recrystallised from water as yellowish green crystals, m.p. 195° 
(blackening from 160°), yield 0.8 g. (17.0%). (Found : I, 38.0. C,,H,,NCII requires 
I, 38.1 per cent). 


2-p-Diethylaminostyryl-6-chloroquinoline Ethiodide.x—A solution of 6-chloroquinaldine 
ethiodide (0.33 g.), p-diethylaminobenzaldehyde (0.18 g.) and piperidine (4 drops) 
in absolute alcohol (20 c.c.) were boiled under reflux for 2 hours. No crystals, 
however, appeared. The cold solution was reduced to about half its original 
volume in a vacuum desiccator and then placed in a frigidaire for 24 hours. 









The crystals that separated out were recrystallised from methyl alcohol, 
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yield 0.15 g. (Found: N, 5.8; Cl+I, 33.1. C,,H,,N,ClI requires N, 5.7; C1+I, 
33.0 per cent). 


6-Bromoquinaldine ethiodide, prepared according to the method of Johnson and 
Adams (7. Amer. Chem. Soc., 1921, 43, 2257), was obtained as brown coloured crystals 
in 48.0% yield. 


2-p-Diethylaminostyryl-6-bromoquinoline Ethiodide.—p-Diethylaminobenzaldehyde (0,26 
g.), 6-bromoquinaldine ethiodide (0.57 g.) and piperidine (3 drops) were dissolved 
in 15 cc. of absolute alcohol and the solution heated to brisk boiling under 
reflux for 2 hours. On cooling, crystals were deposited, which were recrys- 
tallised from methyl alcohol, yield 048g. (Found: N,5.35; Br+I, 38.6. 
C.;H,,N,BrI requires N, 5.21; Br+I, 38.5 per cent). 


6-Iodoquinaldine Ethiodide.—6-Iodoquinaldine (2.5 g.) (prepared by the method 
of Johnson and Adams, using f-iodoaniline in place of »bromoaniline, m.p. 
107-108°) was heated with ethyl iodide in the ratio of 1: 1.5 on a water-bath 
in a sealed tube for 32 hours. The resulting solid was recrystallised from 
water in yellowish crystals, m.p. 252°, yield 0.9 g. (22.6%). (Found: I, 59.6. 
C,,H,,NI, requires I, 59.7 per cent). 


2-p-Diethylaminostryl-6-iodoquinoline Ethiodide—A solution of p-diethylamino- 
benzaldehyde (0.24g.), 6-iodoquinaldine ethiodide (0.57 g.) and piperidine 
(4 drops), in absolute alcohol (25 c.c.) was gently boiled under reflux for 10 
minutes. The dye in this case separated immediately on heating. The deep 
violet mass, thus produced, was recrystallised from methyl alcohol, yield 0.56 g. 
(Found: N, 5.0;I1, 43.2. C,,H,,N.,I, requires N, 4.8; I, 43.5 per cent) 


CHEMICAL LABORATOBIES, Received January 11, 1954. 
B, N. COLLEGE AND SCIENCE COLLEGE, 
PATNA UNIVERSITY. 
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CHEMICAL EXAMINATION OF OLDENLANDIA BIFLORA, 
ROXB. PART II. THE ALKALOIDS 


By R. N. S. CHAUHAN AND J. D. TEWARI 


Further work on biflorine and biflorone has shown that the two alkaloids are interconvertible. 
Both of them possess one OMe and three OH groups as well as the nitrogen atom in the molecules is 
tertiary and included in a ring structure. 


As communicated in Part I (this Journal, 1952, 29, 386), the two alkaloids, 
viz. biflorine (C,;H,,;0,N) and biflorone (C,,H,;,0,N) possess almost the 
same molecular weight and percentage composition of the constituent 
elements, It is obvious that the number of hydrogen atoms is slightly less than 
that usually found in many other alkaloids of about the same molecular weights. 
Thus, to a large extent, the possibility of the side-chain is eliminated. 
The number of oxygen atoms is also large, specially when there is no car- 
boxylic group in the molecule. Though the molecular formulae of the alkaloids 
are almost the same, their physical properties are considerably different (cf. 
Part I, loc.cit.). 


The two alkaloids are interconvertible. Biflorine, when oxidised by mild 
oxidising agent such as bubbling atmospheric oxygen into its hydrochloride 
or with hydrogen peroxide, changes into biflorone. Biflorone, on the other 
hand, is reduced to biflorine with zinc dust and hydrochloric acid. Since 
this conversion is brought about by oxidising and reducing agents and at 
the same time effecting no great change in the molecular weight, it can 
easily be inferred that during these changes only removal and addition of 
two hydrogen atoms take place. When, however, biflorine is reduced with zinc 
dust and hydrochloric acid or tin and hydrochloric acid, no new compound is 
obtained and biflorine is recovered from the addition compounds of biflorine with 
chlorides of zinc and tin, viz. 


Cl Cl 
CipBavONC)  CrBOuNC_ 
C1;H,;,O.NQ C,;,H,;,O,N 

Cl Cl 

() (1) 


This clearly shows that the molecule of biflorine is not unsaturated in the 
ordinary seuse. 


Since there is no carboxylic group in the molecule, the oxygen atoms 
are to be accounted for through hydroxy groups, ether linkages, ketonic groups, 
methoxy groups and piperonal groups. The molecule of both the alkaloids 
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contain one methoxy group as shown by Zeissel’s method. On acetylation 
three acetyl groups enter the molecule as found out by titration and combustion 
in each case, This shows the presence of three or at least two (supposing for a 
moment if nitrogen atom is secondary) hydroxyl groups in biflorine and biflorone. 
On deacetylation and neutralisation of excess alkali, instead of original com- 
pounds, acids are obtained which melt at 318° and 208° respectively. 


The investigations so far show that the nitrogen atom in the molecule of 
these alkaloids is tertiary On finding the nitrogen content of the platinic salt 
the formula obtained is (C,,;H,;0,N),.. PtCl, where nitrogen atom is tertiary 
and the molecular weight comes to be 295.4. The formation of other salts such 
as chlorides, sulphates, oxalates and picrates of these bases and their subsequent 
analysis confirm the molecular weight determined through platinic salts. The 
percentage of nitrogen cannot be determined by Kjeldahl’s estimination, indicating 
that nitrogen atom is not in the side-chain but is a member of the ring. 


EXPERIMENTAL 
Conversion of Biflorine into Biflorone 


Exp. 1.—In a small conical flask about 0.5g. of biflorine was taken 
and converted into its hydrochloride. Dry air was then bubbled in the flask 
continuously for two days. The solution gradually turned yellow and continued 
to respond to alkaloidal reagents. An attempt to isolate biflorone from this 
solution proved successful. After crystallising and desiccating the base com- 
pletely, it melted at 98°. It was then converted into its platinate which 
melted at 163°, the melting point of the platinate of biflorone. The yield of 
biflorone is almost quantitative, but the time taken for complete conversion 
extended over many days according to the quantity taken. 


Exp. 2.—In a pyrex boiling tube biflorine (0.35 g.) was heated just above its 
melting point in an oil-bath (210°). This temperature was maintained for 30 
minutes while shaking the tube well from time to time. The liquid gradually 
turned light brown. The cooled mass was treated with HCI (dil.), 


The products of decomposition, however, did not go into solution. From 
the acid-soluble portion biflorone could be successfully isolated and identified 
through its picrate and platinate. 


Exp. 3.—In a 500 c.c. flask biflorine hydrochloride was taken. To this 20 c.c. 
of HO, (20 vol.) were added and the mixture refluxed. The colorless solution 
gradually changed to yellow in about an hour. The solution still responded 
to alkaloid reagents and from this biflorone was isolated and identified 
through its platinate and picrate. On further heating after adding more of H,O,, 
the solution became colorless and did not respond to alkaloid reagents, showing 
the absence of original bases in the solution. 
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CHEMICAL EXAMINATION OF 0. BIFLORA 


Conversion of Biflorone into Biflorine 


Biflorone (approx. lg.) was taken in dilute hydrochloric acid to which a 
small amount of zinc dust was added. The flask containing this mixture was 
then heated on a water-bath with constant shaking, In about half an hour, the 
solution became colorless. The solution was then filtered hot. On cooling to 
room temperature a white precipitate. settled down. The supernatant liquid 
furnished the test of an alkaloid. From this biflorine was separated and identified 
through its picrate and platinate.. The precipitate which settled down is the 
addition product of biflorine with zinc chloride, [(C,;H,;0,N),. ZnCl,], produced 
during reduction. Obviously the yield of biflorine from the solution was very 
small but on decomposing the additive product with dilute ammonia and 
subsequent extraction etc., a further quantity of biflorine was obtained. 


Reduction of Biflorine with zinc and Hydrochloric Acid 


Recrysallised biflorine (approx. 1.7g.) was taken in a 500 c.c. conical flask. 
The base was dissolved in HCl (dil.) and then HCl (conc.) was added in excess. 
To this zinc dust (5 g.) was added and the mixture refluxed for 4 hours on a water- 
bath. More of zinc dust and hydrochloric acid were added in small quantities 
whenever required. During the experiment a white flocculent mass separated 
from the solution. On cooling the contents, more of it settled down. After cooling 
in ice-cold water the mixture was filtered and the white precipitate was washed 
with several instalments of cold water (5c.c, each) to free it from zinc chloride. 
The precipitate was then dissolved in boiling water when crystals of a white 
substance (1.5 g.) settled down. The melting point of the substance was found to 
be 283°, On ignition, it left a residue which contained zinc. On fusion with 
sodium it was found to contain both nitrogen and chlorine. The compound 
furnished all tests of an alkaloid and was identified to be a salt of biflorine with zinc 
chloride having the formula (I) (vide supra). [Found : N, 3.75. (C,;,H,,;O,N),.ZnCl, 
requires N, 3.81 per cent]. 


Ammonia was added to the hot: solution of the substance, obtained above, 
taken in a conical flask, when a thick precipitate was obtained. The organic 
portion was then extracted out with small amounts of chloroform. After 
evaporating off the solvent the substance obtained was crystallised from absolute 
alcohol, m.p 206° (sharp) ; it furnished all tests of an alkaloid. It left no residue 
on ignition and contained nitrogen but nochlorine. It was identified to be the 
base biflorine through its platinate and picrate. 


The filtrate of the reduced mixture was then taken in a separating funnel and 
ammonia added to it. The organic portion, which was precipitated along with 
zinc hydroxide was extracted out with small amounts of chloroform. The sub- 
stance obtained was crystallised from absolute alcohol and identified to be biflorine 
through its picrate and platinate. 
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It is thus clear that biflorine is mot unsaturated in the ordinary sense and 
therefore does not suffer reduction but forms a double salt with zinc chloride. 
The alkaloid biflorine can be quantitatively recovered from the addition compound. 


Reduction of Biflorine with Tin and Hydrochloric Acid 


This experiment was carried out in the same manner as the above. Again 
the same type of a double salt with yellowish tinge and greater solubility in water 
than the zinc salt was obtained. The compound did not melt up to 310° but 
slightly blackened at 200°. Pure base biflorine was easily obtained from this 
compound and no new compound as a result of reduction could be isolated. 
Thus only additive compound, (C,,;H,;0,N),. SnCl,, is formed on reduction 
from which original base can be recovered, 


Methoxyl Group determination.—Methoxyl group in biflorine was determined by 
Zeissel’s method. (Found : OMe, 9.78. C, ,H,,O;N.OMe requires OMe, 10.37 per cent). 


The determination of methoxyl group in biflorone was carried out by the 
same method. It was also found to contain only one methoxyl group. (Found : 
OMe, 11.08. C,,H,,0;N.OMe requires OMe, 10.44 per cent). 


Acetylation of the Bases.—Biflorine (approx. 2g.) was taken in a pyrex boiling 
tube, and dissolved in acetic anhydride (10 c.c.) and about 2 g. of fused sodium 
acetate added to it. The mixture was heated on a sand-bath such that it remained 
at its boiling point. The mixture first turned yellow then brown and finally black. 
After about 8 hours’ continuous heating, the mixture was poured in a large 
volume of water. A brown oily substance due to the presence of acetic anhydride 
separated which yielded small shining crystals on standing. 


The crystals were washed free of acid and on boiling with animal charcoal in 
glacial acetic acid the brown colour persisted. The acetylated product is soluble in 
glacial acetic acid, chloroform and sparingly soluble in alcoholic KOH and in strong 
aqueous KOH on boiling. In chloroform solution it gavea green fluorescence. 
It is quite insoluble in benzene and ether. The melting point of the product is 
149°, On deacetylation with alcoholic KOH and neutralisation of excess alkali, 
the alkaloid was found to have taken up three acetyl groups. Since the nitrogen 
is tertiary the molecule of biflorine must contain three hydroxy groups, The 
yield was 1.1404 g.. [ Found: C, 64.86; H,491. C,,;,H,,ON (O.COMe), requires 
C,64.94 ; H, 5.41 per cent ]. 


Deacetylation—The acetylated product of biflorine went into solution with 
alcoholic KOH with a brown colour. After refluxing for half an hour, it 
was noted that the deacetylated product remained in solution even on dilution 
with water, contrary to the expectation that if the original base was obtained, it 
should come down as a precipitate. On neutralising the solution with HCl (dil.) 
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a gelatinous precipitate of an organic acid was obtained. The colour of acid 
was brown and it melted at 318°, The molecular weight of the acid by Ag-salt 
method comes to 205 (M.W. calc., 207). The neutral equivalent is 103.28. (Found : 
C, 63.68 ; H, 6.33 ; N, 6.72. C,,H,,0,N requires C, 63.77 ; H, 6.28 ; N, 6.76 per cent). 


Acetylation of Biflorone.—Biflorone (approx. 2 g.) was taken in a pyrex boiling 
tube and dissolved in acetic anhydride (10 c.c.) and about 2g. of fused sodium 
acetate added to it and heated exactly as in the case of biflorine. The mixture 
turned deep yellow, then red and finally dark drown. After about 8 hours’ 
heating the mixture was poured in water, A dark brown oily substance settled 
down which yielded brown crystals on cooling. The crystals were washed with 
cold water and then boiled with activated charcoal in chloroform solution. 
The colour was not discharged but became slightly lighter. The acetylated product 
is soluble in acetic acid, chloroform and slightly so in alcohol. The chloroform 
solution gave a green fluorescence. It is quite insoluble in benzene and ether. 
The product is soluble in alcoholic KOH in cold and in aqueous potash on 
heating. The melting point of the product is 118°. On deacetylation with 
alcoholic KOH and subsequent titration three acetyl groups were found to have 
entered the molecule. (Found: C, 65.82; H, 4.76. C,;,H,,ON (OCOMe); requires 
C, 65.25; H, 4.96 per cent]. 


In this case also the deacetylated product proved to be an acid which melted 
at 208°. The M.W. of the acid by Ag-salt method comes to 203.6 (M.W. calc., 205). 
The neutral equivalent is 102.8. ( Found : C, 64.27; H,5.42; N, 6.88.C,,H,,O,N 
requires C, 64.39 ; H, 5.37 ; N, 6.83 per cent). 


CHEMISTRY DEPARTMENT, Received Fune 9, 1952. 
THE UNIVERSITY, ALLAHABAD. 














[ Jour. Indian Chem. Soc., Vol. 31, No. 10, 1954 ] 


CHALKONES. PREPARATION OF CHALKONES FROM 
5-NITRORESACETOPHENONE AND 3-BROMO-5- 
NITROACETOPHENONE : THEIR BROMINATION 

AND STUDY OF THE REACTIVITY OF THE 
CHALKONE DIBROMIDES 


By V. G. KULKARNI AND G. V. JADHAV 


5-Nitro- and 3-bromo-5-nitro-resacetophenones have been condensed with - benzaldehyde, 
salicylaldehyde, o-methoxybenzaldehyde, 2-methoxy-5-bromobenzaldehyde, 3 : 5-dibromosalicyladehyde, 
anisaldehyde, 3-bromo-4-methoxybenzaldehyde, vanillin and 3-methoxy-4-hydroxy-5-bromo- 
benzaldehyde, and the chalkones obtained have been brominated under different conditions. 
The reactivity of the chalkone dibromides obtained has been examined with potassium iodide, 
potassium hydroxide, sodium ethoxide, potassium cyanide, pyridine, dimethylaniline and borax. 


The chalkones were prepared according to the method of Sorge (Ber., 1902, 
35, 1069). Bromination of the chalkones was carried out in acetic acid medium 
with varying amounts of bromine as well as with liquid bromine. In acetic 
acid medium, bromine was found to enter the ketone nucleus first and then 
add on at the double bond and enter the styryl part also (cf. Vandrewalla and 
Jadhav, Proc. Ind. Acad. Sci., 1948, 28A, 125). With liquid bromine, bromine was 
found to enter both the nuclei as well as add on at the double bond, except in 
the case of the chalkone from benzaldehyde. 


The reactivity of the dibromides was examined with potassium iodide as 
well as basic reagents such as potassium hydroxide, sodium ethoxide, pyridine, 
potassium cyanide, dimethylaniline and borax. 


With potassium iodide, all dibromides gave the corresponding chalkones 
constitutions of which were proved by mixed melting points with authentic 
specimens obtained by direct synthesis (cf. Dodwadmath and Wheeler, Proc. Ind. 
Acad. Sci., 1935, 2A, 438; Barne and Payton, 7. Amer. Chem. Soc., 1936, 58, 1300; 
Nadkarni, Warrior and Wheeler, 7. Chem. Soc., 1937, 1798; Vandrewalla and Jadhav, 
loc. cit.). 


In the case of all other reagents, only coumaranone derivatives were 
obtained which pointed out that s-bromine atom was more reactive which was 
first eliminated as hydrogen bromide and the «-bromine-chalkone, thus formed, 
immediately lost another molecule of hydrogen bromide and thus produced 
the coumarine derivatives. This is probably due to the presence of the electro- 
negative -NO, group in the ketonic part of the molecule. 
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V. G. KULKARNI AND G. V. JADHAV 


ExPERIMENTAL 


The chalkones were prepared by dissolving the requisite ketone and 
aldehyde in presence of 100 c.c. of a 50% solution of caustic potash in 50% alcohol 
and allowing the reaction to proceed for several days. The compounds are 
described in Table I. 


Bromination of the chalkones was carried out in acetic acid medium with 
10% bromine solution in acetic acid and allowing the reaction to proceed for one 
hour at room temperature or with liquid bromine when the reaction was allowed 
to proceed for two days. The reaction mixture was then diluted with water and 
the product separated was washed and crystallised from a suitable solvent. In 
the case of the compounds with liquid bromine, they were first washed with 
sodium bisulphite solution. The compounds are described in Table II. 


Action of Potassium Iodide.—The chalkone dibromide (lg.) was boiled with 
potassium iodide (1g.) in presence of acetone (40 c.c.), The solid obtained after 
removal of the acetone was washed with sodium thiosulphate and finally crys- 
tallised from solvents. The constitutions of these chalkones have been proved 
by synthesis. 


Ketone (XIX) gives (II) ; ketone (XX) gives (IV); ketone (XXI) gives (V); 
ketone (XXII) gives (VIII); ketone (XXIII) gives (IX); ketone (XXIV) gives 
(XII) ; ketone (XXV) gives (XIII); ketone (XXVI) gives (XVI); ketone (X XVII) 
gives (XVII). 


Action of Potassium Hydroxide—Chalkone dibromide (lg.) was boiled for 
10 minutes with 10% KOH solution (10 c.c.) and acidified and crystallised. 
Coumaranones were obtained in all cases. They gave red colour with concen- 
trated sulphuric acid. (XIX) gave 5-nitro-6-hydroxy-7- bromobenzylidene- 
coumaranone (XXVIII), crystallised from acetic acid, m.p. 263-64°. (Found: Br, 
21.9. C,;H,O;NBr requires Br, 21.95 percent). (XX) gave 5-nitro-6-hydroxy-7- 
bromo-2’-hydroxybenzylidene- coumaranone (XXIX), crystallised from acetic 
acid, m.p. 230-31°. (Found : Br, 21.4. C,;H,O,NBr requires Br, 21.7 per cent), 


(XXI) gave 5-nitro-6-hydroxy-7-bromo-2’-hydroxy-3’ : 5’-dibromobenzylidene- 
coumaranone (XXX), crystallised from a mixture of nitrobenzene and acetic 
acid, m.p. 294-95°. (Found : Br, 44.7. C,;H,O,NBr, requires Br, 44.7 per cent). 


(XXII) gave 5-nitro-6-hydroxy-7-bromo-2’-methoxybenzylidene-coumaranone 
(XXXI), crystallised from a mixture of nitrobenzene and acetic acid, m.p. 
275-76°. (Found: Br, 20.5. C,,H,,O,NBr requires Br, 20.4 per cent). 


(XXIII) gave 5-nitro-6-hydroxy-7-bromo-2’-methoxy-5’-bromobenzylidene- 
coumarnone (XXXII), crystallised from a mixture of nitrobenzene and acetic 
acid, m.p. 310-11°. (Found: Br. 33.9. C,,H,O,NBr, requires Br, 33.97 per cent), 
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(XXIV). gave  5-nitro-6-hydroxy-7-bromo-4’-methoxybenzylidene-coumara- 
none (XXXIII), crystallised from acetic acid, m.p. 208-209°. (Found: Br, 20.2. 
C,,H,,»O,NBr requires Br, 20.4 per cent). 


(XXV) gave 5-nitro-6-hydroxy-7-bromo-4’-methoxy.3’-bromobenzylidene- 
coumaranone (XXXIV), crystallised from a mixture of nitrobenzene and acetic 
acid, m.p. 264-65°. (Found : Br, 33.8. C,,H,O,NBr, requires Br, 33.97 per cent). 


(XXVI) gave 5-nitro-6-hydroxy-7-bromo-3’-methoxy-4’-hydroxybenzylidene- 
coumaranone (XXX\V), crystallised frem acetic acid, m.p. 170-71°. (Found : Br, 
19.8. C,,H,,O;NBr requires Br, 19.6 per cent). 


(XXVII) gave  5-nitro-6-hydroxy-7-bromo-3-methoxy-4-hydroxy-5 -bromo- 
benzylidene-coumaranone (XXXVI), crystallised from acetic acid, m.p. 154-55°. 
(Found : Br, 22.8. C,,H,O;NBr, requires Br, 22.9 per cent). 


Action of Pyridine.—Chalkone dibromide (1 g.) was boiled with pyridine for 
about 5 minutes, the solution diluted and acidified with dilute hydrochloric acid 
and the product crystallised. In all cases coumaranones, identical with the 
corresponding ones obtained by caustic potash reactions, were obtained. 


Action of Sodium Ethoxide.—A mixture of chalkone dibromide (1 g.), metallic 
sodium (0,15 g.) and alcohol (50 c.c.) was refluxed for about 4 hours; the reaction 
mixture was acidified and the product crystallised, In all cases coumaranones 
were identical with the corresponding ones obtained before. 


Action of Potassium Cyanide.—Chalkone dibromide (1 g.) was mixed with alcohol 
(20-30 c.c.) and potassium cyanide (1 g.) in alcohol (25c.c.) was added and the 
mixture was boiled for about 1 hour, diluted and treated with hydrochloric acid, 
and the product crystallised. They are identical with the corresponding 
coumaranones obtained before. 


Action of Dimethylaniline—Chalkone dibromide (1 g.) was mixed with alcohol 
(20-30 c.c.), dimethylaniline (10 c.c.) added and the mixture heated on a boiling 
water-bath for about 4-5 hours. The mixture was acidified and crystallised. 
Coumaranones are identical with the corresponding ones obtained before. 


Action of Borax.—Chalkone dibromide (1 g.) was mixed with alcohol (20-30 c.c.), 
borax (3 g.) dissolved in water (15 c.c.) was added and the mixture heated on a 
boiling water-bath for about 3-4 hours, diluted with water, acidified and the solid 
crystallised. Coumaranones are identical with the corresponding ones obtained 
before. 
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STUDIES ON THE PHYSICAL BEHAVIOUR OF METALLIC FERRO- 
AND FERRICYANIDE SOLS IN PRESENCE OF ELECTROLYTES. 
PART I. CHANGES IN THE CONDUCTIVITY OF COPPER 
FERROCYANIDE SOL BY GRADUAL ADDITION OF 
ELECTROLYTES AND THE EFFECT OF AGEING 


MIRzA AIjAZ BEG, WAHID U. MALIK AND ABANI K. BHATTACHARYA 


The changes in conductivity of copper ferrocyanide sol by adding gradually increasing amounts of 
electrolyte to the sol have led to the following conclusions : 

(1) The increase in conductance is due to the replacement of the H+ ions from the outer layer 
and the order of increase depends upon the valency of the precipitating ions. 


(2) Lowering of conductance in the intermediate stage, after a certain amount of the electrolyte 
has been added, may be due to several factors such as change in the intermicellar structure due 
to adsorption, surface reaction and interaction between the precipitating and peptising ions. 

(3) Increase by keeping the sol and electrolyte overnight may be due to the joint effect 
of the release of the stabilising ions along with the counter ions. 

(4) The slight increase in conductivity due to ageing of the sol is due to the release of peptising 
ions in consequence of coalescence. 


Conductivity changes during the addition of electrolytes to sol have been 
studied by a number of workers, but the problem still remains complex 
though some interesting conclusions have been arrived at on the basis of 
their investigations. Smoluchowski (Physikal. Z., 1905, 6, 529) suggested a formula 
interconnecting the rate of cataphoresis of the particle and the conductivity. 

eee 4ar1(r+8)u? 
N 8 
where nisthe number of particles per c.c., u is the cataphoretic velocity under 
the gradient of one-volt centimeter, N is the Avogadro number, 1 is the 
viscosity, 8 is the thickness of the double layer, r is the radius of the 
particle, and k is the conductivity. According to the above formula k should 
increase with mn and rf, the quantities 1, § and u, being less variable in 
comparison to n and r as pointed out by Nordenson (Kolloid Z., 1915, 16, 65), 
but from the conductivity of the system containing the same amount of 
the substance in various degrees of dispersity, he found the conductivity 
to vary inversely as the squares of the radii of the particles. von Hevesy 
(ibid., 1917, 21, 136) calculated k for values of r for gold micelle and showed 
that the conductivity due to micelle became negligibly small with increase of 
the radii of the particle. Similar observations for the conductivity of metallic 
sols were made by a number of other workers (Whitney and Blake, 7. Amer. 
Chem. Soc., 1904, 26, 1339; Burton, Phil. Mag., 1906, 12, 475; Kohlshutter, Z. Elektro- 
chem., 1908, 14, 49) and they concluded that the small conductivity of metallic 
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sols arose from the residual electrolyte, the conductivity k, due to the colloidal 
micelle being negligible. Malfitano (Compt. rend., 1904, 139, 1221) observed the same 
behaviour for ferric hydroxide and arsenic pentasulphide sols. On the 
other hand, Duclaux (ibid., 1904, 139, 1468) observed, contrary to the 
observations of Malfitano (loc. cit.), that ferric hydroxide and Prussian blue 
showed appreciable conductivity. Rabinovitch and Wassilier (Kolloid Z., 1932, 
60, 268) titrated As.S, sol conductometrically with BaCl, and found a 
discontinuity in the curve at a point by which they supposed that H* ions of 
the double layer were completely displaced by Ba?** ions of the electrolyte. 
Pennycuick (7. Amer. Chem. Soc., 1930, 52, 4621) explained their results on the titra- 
tion of platinum sol by acids, bases and salts on the assumption that counter 
ions were liberated from the double layer during titrations, thereby increasing 
the conductance of the sol, and that surface reaction of the added electrolyte 
with the colloidal micells resulted in a decrease in the conductivity. He has 
also put forward the view that stabilising ions may also be released due to the 
dissociation of the surface compounds. 


Outstanding contribution on the stability of the sol by investigating the 
action of electrolyte on silver iodide sol has been made by Kruyt and co- 
workers (Proc. K. Acad. Sci., Amsterdam, 1935, 38, 464, 714). ‘Their ideas on the different 
aspects of the problem, especially on exchange of counter ions and adsorption 
of added electrolyte on the surface have found experimental support by the 
observations of a number of workers, More recently work on similar lines 
was done by Pauli (Kolloid Z., 1937, 80, 175). 


In this communication our results on the variation in conductivity of copper 
ferrocyanide sol, observed by adding varying amounts of electrolyte gradually, 
have been recorded. The variations in conductance on ageing of the sol have 
also been included. 


ExPERIMENTAL 


Preparation of Copper Ferrocyanide Sol.—Copper sulphate and potassium ferro- 
cyanide solutions were prepared in conductivity water and their strengths 
determined. Assuming the colloidal particles of copper ferrocyanide to consist 
of K,Cu,[Fe(CN),]., a sol of strength 2.315 g. per litre was obtained by mixing 
equal volumes of M/50 copper sulphate solution dropwise to M/75 potassium 
ferrocyanide with constant stirring. 


Solutions of potassium chloride, barium chloride, aluminium chloride and 
thorium nitrate were prepared in order to observe the effect of varying amounts of 
added electrolytes on the conductivity of copper ferrocyanide sol. 


The changes in conductance by the addition of gradual amounts of electro- 
lytes to the sol were measured by the following method. 
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al The sol (30 c.c.) was taken in the conductivity cell and the conductance of 
ne the pure sol was measured under thermostatic control at 25°+0.1° by 
he Kohlrausch’s bridge (Pye and Co.). The electrolyte was added from the burette 
le and the conductance measured after each addition. Since the intermixing of the 
1e two (electrolyte and sol) was followed by a volume change, the corrected conduc- 
2, tance was obtained by multiplying the measured conductance by V/30, where 
a V is the volume of the sol together with the volume of the electrolyte added. 
of Similar experiments were carried out by the addition of gradual amounts of the 
e. electrolyte to the intermicellar liquid (potassium ferrocyanide solution) having the 
a- same conductance as that of the sol. 
er 
ig The results of the changes in conductivity obtained by the addition of KCl, 
te BaCl,, AIC], and Th(NO,), to the sol and intermicellar liquid are plotted in 
iS Figs, 1 and 2. 
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The changes in conductance of the sol by the addition of variable amounts 
of electrolytes when left overnight were also measured. The sol (20 c.c.) was 
taken in six boiling test tubes of Pyrex glass and varying amounts of the electro- 
lyte added. The mixture of the electrolyte and the sol was brought to the same 
volume in each tube by adding conductivity water and the mixture was left for 
24 hours. The conductance of the supernatant liquid was then measured, 
Similar experiments were performed with the imtermicellar liquid and the 
results are plotted for KCl, BaCl,, AIC], and Th(NO;), in Fig. 3. 


we -—— * a 


The results on the variation in conductance on ageing the sol (strength 
1.157 g./litre) are recorded in Table I. 
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TABLE I 
Conductance. No. of days. Conductance. 
11.90 x 10-4 mhos a 12.20 x 10-4 mhcs 
12,00 25 12.70 
12.20 47 12.80 
12.20 


Dirscvusstrtown 


The following interesting observations on the variations in the conductivity 
of copper ferrocyanide sol of strength 2.315 g. per litre have been made. 


On adding KCl or BaCl, in gradual amounts to a fixed volume of the sol, 
a slight increase in the conductance of the sol was observed as compared to the 
corresponding mixture of the intermicellar liquid [K,Fe (CN),+KCl or BaCl,] 
up to a certain volume of the electrolyte added. After this there was a fall 
below that of the corresponding intermicellar liquid up to a short range of 
Fic. 3 





Veo Thlndre+ Internicetiar lige tale (Cnty 


WCipe] wtewnicetias lig. Ka Fe Cems 
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volume of KCl or BaCl,. It was 
then followed by continual rise in the 
conductivity again on further addi- 
tion of the electrolyte (vide Figs. 1 & 
2). On adding gradual amounts of 
AlCl, or Th(NO,),, however, the 
conductance of the sol+electrolyte 
was throughout higher than the 
corresponding intermicellar liquid 
(vide Fig. 2). 

When a mixture of the sol con- 
taining variable amounts of electro- 
lytes was left overnight for 24 hours, 
the variation in their conductance 
differed from those of the correspon- 
ding fresh mixtures of sol and the 
electrolytes. The conductances of 
the sol mixed with variable amounts 
of electrolyte and left overnight were 
higher than the corresponding inter- 
micellar liquid mixtures in the case 
of AlCl, and Th(NO,),, and with KCl 
and BaCl, there was, however, 
inappreciable difference between these 
conductances (KCl and BaCl,) after 
twenty four hours (vide Fig. 3). 


By ageing the sol for a month and a half slight changes in conductivity 


did take place, probably due to coalescence and subsequent release of peptising ions. 
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The increase in the conductivity of the sol by adding gradual amounts of 
electrolytes supports the phenomenon of the exchange of counter ions which, 
in all probability, are the hydrogen ions in the outer shells of the double layer 
of copper ferrocyanide sol particles. It appears that oppositely charged 
precipitating ions bound up by the exchange process contribute inappreciably 
to the conductivity of the sol, and the relative increase (or decrease) in conduc- 
tivity on the addition of the electrolyte would be due to the relative difference 
of the mobilities of the ions exchanged. The conductivity of the sol may, however, 
be influenced by the adsorption of the precipitating ion and by changes in the 
size and structure of the colloidal micelle. Surface reaction and the interaction 
between the stabilising ions and precipitating electrolyte may also be responsible 
in some cases for the decrease of conductivity after a certain amount of the electro- 
lyte has been added. Evidences of such effects are shown more or less by the 
behaviour of K*, Ba?*, Al** and Th‘* ions in the conductivity curves at certain 
stages. 

By allowing the sol and the electrolyte to be left overnight, it can be, 
a priori, visualised that the particles increase in size releasing more of the 
stabilising ion along with the counter ions with the result that the conduc- 
tivity of the sol mixed with electrolyte is likely to be greater than the corres- 
ponding intermicellar liquid mixture, The difference in the conductivity between 
the sol and the intermicellar liquid system also depends on the nature of the 
precipitating electrolyte. -With higher valency of the precipitating ions, the 
difference in conductance is greater than with mono- and bivalent ions, which 
do not show any appreciable change (vide Fig. 3). 

The release of peptising ions, resulting in the slight increase of conductivity 
is also confirmed by our observations on the ageing of the copper ferrocyanide sol. 

Thanks are due to Dr. M. O. Farooq, Head of the Department of Chemistry, 
for his keen interest in this work. 


PHYSICAL CHEMISTRY SECTION, Received November 9, 1953, 
CHEMICAL LABORATORIES, 
MUSLIM UNIVERSITY, ALIGARH. 


STUDIES ON THE PHYSICAL BEHAVIOUR OF METALLIC FERRO- 
AND FERRICYANIDE SOLS IN PRESENCE OF ELECTROLYTES. 
PART II. ESTIMATIONS OF EXCHANGED H* (COUNTER IONS) 
BY THE ADDITION OF ELECTROLYTES TO COPPER 
FERROCYANIDE 


By Mrrza AljaAzZ BEG AND WAHID U. MALIK 


Conductivity changes during coagulation of copper ferrocyanide sol have been correlated with the 
exchangeable H* counter ions by the addition of electrolytes. The results also support the phenomenon 
of adsorption, surface reaction and chemical interaction between the precipitating and stabilising ions. 

In the preceding communication (this issue, p. 755) emphasis was laid on 
the exchange of counter ions to explain the observations on conductivity changes 











760 M. A. BEG AND W. U. MALIK 


made therein. Since H* ions form the outer part of the double layer of the colloidal 
particles of copper ferrocyanide sol, elaborate experiments were carried out to 
estimate the exchanged H* ion concentration consequent on the addition of 
electrolytes to the sol when left overnight. 


Potentiometric method was employed by several workers to estimate 
the concentration of exchanged chloride ions from the outer layer of the colloi- 
dal particles of ferric chloride sol (Pauli, Koll.-Chem. Beih., 1923, 17, 256; 
Rabinovitch and Kergin, Z. physikal. Chem., 1928, 133,203; Weiser, 7. Phys. Chem., 
1931, 35, 1, 1368; Yadav, this Journal, 1943, 20, 115). Weiser and Gray (7. Fhys. 
Chem., 1932, 36, 2178 ; 1935, 39, 1163) estimated the concentration of H* ions released 
during coagulation by the same method. In the present communication are 
recorded the results of the estimations of H* replaced in exchange of the precipi- 
tating ions of various valencies of electrolytes added to copper ferrocyanide sol 
and of the release of H* during ageing of the sol as also their estimation done 
poten-tiometrically. 


ExPERIMENTAL 


A copper ferrocyanide sol of strength 2.315 g./litre was prepared as 
described in Part I (loc. cit.) and colloidal particles of copper ferrocyanide 
were assumed to consist of K,Cu,[Fe(CN),],. Solutions of the same electrolytes, 
as described in Part I, were made in order to estimate exchanged counter ions by 
the addition of electrolyte to the sol. 


The sol (20 cc. 2.315 g. per litre) was taken in six boiling tubes of 
Pyrex glass and varying amounts of the electrolyte were added. The mixture 
of the sol and electrolyte was brought to the same volume in each test tube by 
adding conductivity water and the mixture was left for twenty four hours. 
The p, value of the supernatant liquid was then determined by means of a 
Tinsley Student’s potentiometer with a quinhydrone electrode. 


Conductivity measurements for the changes in conductance of copper 
ferrocyanide sol by the addition of varying amounts of electrolytes were carried 
out at 25°+0.1° under exactly the same conditions as described above. 


In order to see the effect of ageing on the sol, conductivity measure- 
ments for the same sol (strength 1.1575 g./litre) were carried out by keeping 
the sol in a glass-stoppered flask for about a month and a half. 


The results of the change in conductance and H* ion concentration of the 
sol (2.315 g./litre) on the addition of varying amounts of electrolytes and when 
left overnight, are recorded in Table I. 
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TABLE I 
Temp. =25°+0.1°. 
Klectrolyte. Conductancex104,. [H*]x107. Electrolyte. Conductancex104. [H*]x107, 
M/[2-KCl. M/5-BaClo. 
0.0 c.c. 20.90 mhos 19.95 00 cc, 20.90 mhos 19,95 
0.5 28.00 22.00 0.2 21.21 25.11 
1.0 36.04 25.70 0.4 20.08 29.51 
12 39.74 31.60 0.6 24.09 38.01 
14 43.20 37.10 0.9 31.41 43.60 
19 59.63 46.77 1.4 44.01 50.11 
M/40-AlCls. M/100-Th(NO3),4. 

0.0 20.90 19.95 0.0 20.90 19.95 
0.10 21.52 31.60 0.1 20.96 79.43 
0.15 21.82 39.81 0.2 21.55 125.89 
0.20 21.90 50.11 0.4 21.99 251.19 
0.25 22. 35 63.09 

0.30 22.71 69.43 


The results on the changes in the conductivity and xu value ofthe sol 
(strength 1.157 g./litre) on ageing are shown in Table IL. 


TABLE II 
Temp. =25°+0.1. 
No. of days et 1 2 3 4 5 25 47 
Cond. x104 (mhos) ... 11.90 12.00 12.20 12.20 12.20 12.20 12.70 12.80 
pu . 694 6.0 6.0 6.0 6.0 6.0 5.80 5.70 


DISCUSSION 


By adding gradually increasing amounts of different electrolytes to copper 
ferrocyanide sol, an appreciable change of [H*] in all cases was observed when 
the sol mixed with the electrolyte was left for 24 hours. But the interesting 
feature of these changes, which will be evident from the values of [H*] given 
in Table I, is that the range of variation of H* by adding the electrolytes 
containing mono-, bi-, tri- and tetravalent precipitating ions is according to the 
order K*< Ba?*< Al®*< Th**. 


On determining the conductivites of sol+electrolyte under identical condi- 
tions with those maintained in determining H* concentration, it was interesting 
to observe that the increase in H* with uni-, bi-, tri- and tetravalent precipi- 
tating ions was found to be in the order: Th**>Al**>Ba**>K*. On the 
other hand, the relative range of imcrease in conductance was greatest with 
KCI and the least with Th (NO), (Table I). 


On ageing the copper ferrocyanide sol for about one month and a half 
in a closed conical flask, it" was observed that decrease in , was marked 
by the corresponding increase in conductance (Table IJ). 

6 
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From the above observations it can be generalised that higher the valency 

of the precipitating ion, the greater is the displacement of the counter H* by 
exchange. But the relation between 

Fic. 1 the change in conductance is not 

(Vide Table I) proportional to the changes in H* 

concentration. It therefore appears 
that after the ion-exchange pheno- 
menon, the action of electrolytes on 
ss} - the colloidal solution brings about the 
secondary effects such as adsorption, 
surface reaction and possibly the 


60 39 


7" 44 interaction between the electrolyte and 
the peptising ions under suitable 

« * conditions depending upon the 
" character of these ions. Thus the 

“l " discrepancy between the rise of con- 


© ductivity and increase of H* in the case 
= of Al** and Th‘* may be explained by 
= their greater adsorption and the possi- 
bility of interaction between Th‘* and 
Al’* with Fe (CN), ‘~ on the surface 


Conductance x 104. 


+s 3a 











x 2 
of of the colloidal particle. In the case 
. of KCl and BaCl., the total con- 
ae o ductance is due to the additive effect 
V/ ! of all the free ions and the exchanged 
at ee ee ee BC 1 Or H* present in the system, because 
pie acaaatuate: Hate Aalti-yes a lath the effects of adsorption with K* 
et Paes mse. and Ba?* are much less than with 


Th‘** and Al** ions. The possibility of the interaction between K* or Ba?* ions 
with Fe (CN)*~, on the surface of the particles is also negligible. 


The changes in conductance with », during the process of ageing are 
brought about due to coalescence of the sol particles whereby some 
counter ions as well as the stabilising ions are set free, resulting in the 
increase in conductivity and H* concentration. Our observations are in agreement 
with the views on the mechanism of coagulation expressed by Pennycuick 
{F. Amer. Chem. Soc., 1930, 52, 4621). 


The authors wish to express their deep gratitude to Dr. A. K. Bhattacharya, 
Prof. of Chemistry, Agra College, for his helpful suggestions and criticism. 
Thanks are also due to Dr. M. O. Farooq, Head of the Department of Chemistry, 
for his keen interest in this work. 


PHYSICAL CHEMISTRY SECTION, Received November 9, 1953. 
CHEMICAL LABORATORIES, 
MUSLIM UNIVERSITY, ALIGARH. 
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INTERFACIAL TENSION AND COMPLEX FORMATION OF 
METAL NITRATES. PART I 


By HEMLATA Kazi 


Potassium, ammonium or sodium nitrate forms three complexes with copper, cobalt, nickel, 
cadmium, alkali earth metal nitrates (i), four with cerium nitrate (ii), and seven with thorium and 
beryllium nitrates (iii), while lithium nitrate forms three or two, four or two, seven or four with (i), 
(ii) and (iii) group metal nitrates respectively with increase in salt concentrations, Thorium nitrate 
forms seven complexes with cadmium or barium nitrate and four with lead nitrate, while cerium 
nitrate forms four complexes with thorium or beryllium nitrate. 


The complex halides are more numerous than the complexes of other ions. 
This is because monatomic ions, such as those of halogens, are more easily fitted 
into a variety of structures than the groups of marked and rigid shapes, like the 


O 
linear -C=N and Y shaped Ng, which will only adapt themselves geometrically 
O 


to particular types of complex (Sidgwick, 7. Chem. Soc., 1941, 433). 





Lead nitrate has been found to form with alkali nitrates in dilute aqueous 
solution three complexes (this Journal, 1953, 30,290) and with lithium nitrate, in 
particular, three or two complexes with change in salt concentrations (ibid., 1954, 31, 
633). This communication deals with the determination of the number and nature of 
molecular complexes formed in mixed solutions between various metal nitrates and 
alkali nitrates at varying salt concentrations, by means of interfacial tension 
measurements against a liquid having unstable H-bond structure, which acts as a 
sensitive indicator for complex formation in solution. 


ExPERIMENTAL 


The salts used were of standard quality and recrystallised. Series of mixed 
solutions were prepared by the monovariation method as described by Desai (to be 
published in the Dec. issue of this Journal, 1954). The tension values of the mixed 
solutions against isoamyl or n-butyl acetate were plotted against the volumes of the 
variant A. The compositions of the complexes (indicated by the peaks in the 
graphs, not shown) are recorded in the last column of Table I in which : 








a=@4B.A;b=3B.A;c=2B.A;d=@B.A;e=B.2A;f=B.3A; g=B. 4A. 

















764 HEMLATA KAZI 
TABLE I 
Conc. Salt A. Salt B. Peakscorres- Conc. Salt A. Salt B. Peaks corres- 
pond to. pond to, 
M/20 Cu(NO3)2 KNO3 a,c,d M50 Mg(NO3s)2 NH4NO3 8,¢,d 
60 ri LiNOs a.c.d 80 ‘ LiNOs a.c.d 
10 7” * sad ,. c ,. d 10 2 A = , Cc. d 
20 Co(NO3)z2 NaNOs a,c,d  10,500r200 Ce(NO3s)3 K, NHa or a,b.c,d 
60 a LiNO3s 4.6 NaNOs3 
10 ” ” -.c,d 100 *° LiNOs a.b,c,d 
20 Ni(NOs)2 NHsNOs a,c,d 10 * : ~,b,-.d 
60 ins LiNOs S.¢.¢ 25 Th (NO3)4 KNOz or 8.0, €,.6.0.8.¢ 
10 a - *,¢,@ NH,4NO3 
40 Ca(NO3s)2 KNOs3 6+1.6<4 10 or 50 a NaNO; ?— ao 
70 a LiNO3 a.t.¢ 100 wi LiNO3 a,b,c,d,e,f,g 
20 . , *,¢,¢ 50 or 10 ” ” oo 8.057. . 
40 Sr(NOs3)e NaNO3 a.c,4a 50 Be (NO3)2 K, NH, or a,b, €.4,¢6.€.¢ 
100 a LiNOs a.c.d NaNO; 
10 wa a -,c,d 250 i. LiNOs a.b.c.d,e.f£.8 
20 Ba(NO3)2 NHgNOs a,c,d 50 ” ” a.b,-,d,e,-,- 
80 " LiNOs a,c,d 100 CdiNO3)2 Th(NO )y a,b,c,d,e.f.g 
20 " ” -,C¢,G 100 Ba(NO3)2 ~ a,b,c,d,e.f.g 
100 Cd(NOs)2 KNOs a.c,d 1000rl0 Pb(NOs3)3 es ee er 
200 . LiNO3 a.c,d 100 Th(NOs), Ce(NO)s a.b.-/-,-/f'g 
60 - eo oe, 6 100 Be (NO3s)2 Ce (NO )g a,b,-,-,-,f,¢ 


DIiscuUSsSSION 


The results indicate that the nitrates of Ca, Ba, Sr, Mg, Cd, Cu, Co and Ni 
form three complexes (a, c,d) with potassium, ammonium or sodium nitrate in 
mixed aqueous solutions, and two (c,d) or three (a,c,d) with lithium nitrate 
with decrease in salt concentrations. Cerium nitrate forms with alkali nitrate 
four complexes (a,b,c,d). With lithium nitrate, however, it forms four or two 
complexes (b,d) with change in salt concentrations. Thorium nitrate shows 
formation of seven complexes (a, b, c,d, e,f, g) with alkali nitrates except with 
lithium nitrate with which seven or four complexes are observed according to 
the salt concentrations. Similar behaviour is observed with beryllium nitrate, 
although it is bivalent. The electronic attraction in complexing is favoured by 
small ion-size of beryllium and large cation charge of tetravalent thorium. The 
spectral effects observed in the absorption spectra of various metal nitrates 
(Katzin, 7. Chem. Phys., 1950, 18, 789) have been ascribed to the electrostatic charge 
and effective ionic radius. Thus, hydrogen with smallest ionic radius and 
thorium with greatest ionic charge, show largest effects on the nitrate ion 
spectrum. It has been suggested that co-ordinative binding of the anion may 
influence the spectral changes. Thorium nitrate also forms seven complexes 
with cadmium or barium nitrate, but with lead nitrate only four complexes 
(a,b, c,d) are formed. Cerium nitrate forms with thorium or beryllium nitrate 
four complexes (a, b,f,g) having molecular compositions different from those 
with alkali nitrate (a,b,c,d). It is interesting to note that lithium nitrate 
shows different behaviour from that of other alkali nitrates. 

The author owes debt of gratitude to Dr. C. M. Desai, for his keen and 
active interest in the work and thank the College Authority for the facilities. 


CHEMISTRY DEPARTMENT, 
M. T. B, COLLEGE, SURAT. 


Received February 1, 1954, 
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MOLECULAR STRUCTURE AND EMULSION STABILITY OF 
ALIPHATIC ALCOHOLS AND ESTERS 


By HEMLATA Kazi AND C. M. DEsar 


Some aliphatic alcohols and esters were emulsified with sodium and potassium ricinoleates at 
different concentrations and the emulsion stability, adjudged from size-frequency analysis, has been 
correlated with that with oleates. The increasing carbon-chain length tends to impart increased 
stability. 


The emulsifying property of the ricinoleates has not been much investigated. 
The stability of the emulsions of different alcohols and esters, prepared with 
sodium and potassium ricinoleates, has been evaluated from the time of their half- 
break, determined from size-frequency analysis (King and Mukherji, 7. Soc. Chem. 
Ind., 1940, 59, 1857). In an earlier work (this Journal, 1953, 30, 641) the soap 
concentration was selected on the percentage basis, but here it is in terms of 
molarity which is expected to give strictly comparative value. The phase volume 
ratio (50 : 50) has also been kept uniform for both alcohols and esters. The effect of 
the nature and concentration of the emulsifiers on the stability has also been studied. 


ExPERIMENTAL 


Sodium oleate was prepared by the method of Berkman (7. Phys. Chem., 1935, 
39, 527) and sodium and potassium ricinoleates were prepared from ricinoleic acid, 
purified by the method of Brady (7. Amer. Chem. Soc., 1939, 61, 3464). 


Emulsification—All the emulsions were prepared by Brigg’s method (7. Phys. 
Chem.. 1920, 24, 120). The disperse phase was added to the dispersion medium 
containing known amount of the emulsifier in a 100 c.c. glass-stoppered cylinder. 
The mixture was subjected to 200 vertical shakes for two minutes and then 
allowed to rest for two minutes. The process was repeated till the total number of 
shakes was 1000, emulsification period being 18 minutes and shaking period, 10 
minutes. This process .was found more effective than the one previously 
employed. ‘The cylinders containing emulsions were then kept in the dark. The 
size-frequency analysis of emulsions of isoamyl, n-hexyl, n-and sec.-octyl alcohols, 
prepared with 0.01M, 0.0:M and 0.04M, those of n- and isobutyl alcohols with 
0.01M and 0.02M and those of esters with 0.05M, 0.075M and 0.1M concentrations 
of the emulsifiers, was carried out at regular period as described earlier (loc. cit.). 


The typical rate of decrease of interfacial area of emulsions and their time of 
half-break are shown in Fig. 1 and in Tables I and II. 
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MOLECULAR STRUCTURE AND EMULSION STABILITY 





TABLE II 
Time of half-break of the emulsions (in days). 
Liquid. Na-ricinoleate. K-ricinoleate. Na-oleate. 
0.01 M. 0.04 M. 0.01 M. 0.04 M. 0.04 M, 
Alcohol : 
n-Butyl 
isoButyl } Stable for few hours only. n-butyl > isobutyl. 
isoAmyl 0.90 1.0 2.0 2.4 0.60 
n-Hexyl 2.00 2.1 3.2 7.3 3.40 
sec.-Octyl na he PP fe 8.40 
n-Octyl 3.20 2.95 6.6 9.2 10.00 
Na-ricinoleate. K-ricinoleate. Sodium oleate. 
0.05M. 0.075M. 0.1M. 005M. 0.075M. 0.1M. 0.05M. 0.075M. 0.1M. 
Acetate : 
n-Butyl 2.4 3.6 4.4 3.2 3.0 4.2 3.6 5.2 5.8 
isoButyl 0.6 1.0 1.2 2.0 18 2.0 0.55 1.0 1.4 
isoAmyl 2.1 2.8 1.4 29 2.1 3.4 1.90 2.2 3.8 
Fic, 1 


* 
} ‘e 
fies 
; ~ 
30 om “A © 
~~ 


Sp. interfacial area in cm. 2 x 105. 








Time in days. 
Curves 1—4 refer respectively to n-octyl, 
sec.-octyl, n-hexyl and isoamy] alcohols. 


DISCUSSION 


The initial interfacial area of alcohol emulsions prepared with 0.02M 
K-ricinoleate is greater than that obtained with either 0.01M or 0.04M of the 
soap. The rate of decrease of specific interface with K-ricinoleate (0.04M) is 
generally less than that with either Na-ricinoleate or oleate (0.04M). The time 
of half-break also indicates in general that the stability of alcohol emulsions, 
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prepared with K-ricinoleate, is greater than that obtained with either Na- 
ricinoleate or oleate, barring few exceptions. Increasing concentration of the 
emulsifier over a limited range tends to increase the stability of emulsion. 


The initial interface of the ester emulsions, obtained with 0.1M of the 
emulsifiers, is found to be maximum. Its rate of decrease is less with 0.1/ 
K-ricinoleate than that with either Na-ricinoleate or oleate. The stability of 
n-butyl acetate emulsions, prepared with Na-oleate and also that of isobutyl 
-emulsions with K-ricinoleate, is found to be greater than that of the corresponding 
emulsions prepared with other soaps. No soap, however, shows distinct pre- 
ponderence with isoamyl acetate emulsions. 


Thus the initial specific area and its rate of decrease depend not only upon 
the nature and concentration of the emulsifier, but also on the nature of the disperse 
phase. The comparative results of the stability of emulsions of n-butyl and isoamyl 
alcohols and also n-butyl and isoamyl acetates are on the same lines, as reported 
earlier, as regards the effect of methyl group substitution. 


As regards the emulsion stability of alcohols and esters, it appears that the 
order of this stability, irrespective of the nature and concentration of the emulsifier, 
is the same in both the series, With increasing carbon-chain length the degree of 
stability increases. 


Alcohol series: n-octyl>sec.-octyl>hexyl>isoamyl> butyl alcohol. 
Ester series: n-butyl>isoamyl>isobutyl>propyl>ethyl and methyl acetate. 


In this respect, the nature of the disperse phase is a more important factor 
than that of the emulsifier. 


The authors are grateful to the College Authority for facilities provided for 
this work. 


CHEMISTRY DEPARTMENT, 
M. T. B. COLLEGE, SURAT, Received February 1, 1954, 
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INTERFACIAL TENSION OF ALIPHATIC ALCOHOLS AND ESTERS 
WITH SURFACE ACTIVE AGENTS: MINIMA AND MAXIMA IN 

INTERFACIAL TENSION CURVES 

he By HEMLATA Kazi AND C, M. Dgsal 

ng 

re- The interfacial tension of aqueous soap and salt solutions against higher aliphatic alcohols and 
esters has been found to pass through a sharp minimum at extreme dilution, followed by a maximum 
at still very low concentration. Thereafter, there is a very great lowering, reaching a limiting value 
with further increase of concentration. 

on 

= In earlier communications of this series (this Journal, 1953, 30, 209, 283) the 

a authors reported that the interfacial tension—concentration curves of aqueous 


soaps and salts show maximum at very low concentrations against some alcohols 

and esters, having unstable H-bond structure. At extreme dilution, however, 
he these have been now found to show a sharp minimum, followed by a maximum, 
far above the value for water. The curves with liquids, not having such a 
structure, pass through a minimum, followed by a shallow maximum, but still at 
a value far below that of water. The observations on soaps indicate that the 
maximum is followed by a very great lowering of tension, which thereafter slowly 
decreases and ultimately remains approximately constant with increasing soap 
concentration. 


er, 


Dedrich et al. (7. Phys. Chem., 1933, 37, 1205, 1215) found minima in interfacial 
tension—concentration curves of sodium formate and acetate solutions against 
benzene or toluene. Salts, which are capillary-inactive at moderate and high 
concentrations, have been found to give minima at extreme dilution in the surface 
tension—concentration curves and behave as capillary-active substances (Grinnell 
Jones et al., 7. Amer. Chem. Soc., 1937, 59, 187 ; 1941, 63, 288, 3262 ; 1942, 64, 2744). The 
influence causing decrease in surface tension at extreme dilution is ionic in 
character and probably due to interaction between ions and polarised water 
54. molecules having a systematic or ordered arrangement (Bernal and Fowler, 7. Chem. 
Phys., 1933, 1, 515). Powney and Addison (Trans. Faraday Soc., 1937, 33, 1243), in 
particular, found minima in the surface tension of solutions of sodium salts of 
primary alcohol sulphates. Minima in surface or interfacial tension—concentra- 
tion curves have been produced by admixture of solutions of pure, surface-active 
primary or secondary alcohol sulphates with minute quantity of a second surface- 
active material (Miles, 7. Phys. Chem. 1945, 49, 71 ; 1944, 48, 57). 


or 


or 


The maximum in the interfacial tension—concentration curves of alcohols 
and esters has been explained on the basis of these liquids having unstable H-bond 
7 
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ring structure (cf. Kazi and Desai, loc. cit.). Addison and Litherland (7. Chem. Soc., 
1953, 1159) have investigated the influence of chain length and structure on the 
surface potential of aqueous solutions of alcohols. The measurements for hexyl 
and higher alcohols show deviations, while those for all lower alcohols up to C, 
show linear relationship, Similar deviations have been observed by Posner and 
Alexander (Trans. Faraday Soc., 1949, 45, 651) for sec.-octyl alcohol. The decyl 
alcohol measurements indicate that the deviation increases with increasing chain 
length. ‘The reason is attributed to the variation in the shape, assumed by the 
carbon chain with increasing chain length. 


ExPERIMENTAL 


The interfacial tension of aqueous ricinoleates at different concentrations 
was measured by the drop volume method at nearly 30° against alcohols and 
esters. Other substances, also employed for the purpose, were sodium chloride, 
acetate, oleate and palmitate and saponin. 


Ricinoleic acid was prepared and purified from technical sodium ricinoleate 
(B. D. H.) by the method of Brady (7. Amer. Chem. Soc., 1939, 61, 3464). Sodium and 
potassium ricinoleates were prepared from alcoholic sodium and potassium 
hydroxide respectively and ricinoleic acid. They required long time for desicca- 
tion, potassium ricinoleate taking nearly 25 days. On account of their hygroscopic 


nature they were kept in a desiccator allthe time. Sodium oleate was prepared 
by the method of Berkman (7. Phys. Chem., 1935, 39, 527) from purified oleic 
acid and kept in a desiccator all the time. The position of the maximum consider- 
ably depends on the purity of the products. So, all the substances used were 
either of standard quality or prepared by the usual methods and subsequently 


purified before use. 


The typical interfacial tension—concentration curve, obtained with the 
soaps, has a steep negative initial slope, passes through a sharp minimum at 
nearly 0,05x10-*M and then goes up with a positive curvature giving a 
maximum at nearly 0.5x10-*M. This maximum is much above the value 
for water with liquids, having unstable H-bond structure, while with others, e.g. 
isoamyl alcohol, not having such a structure, the maximum is below that of water 
(Figs. 1-3). Thereafter, there is a great depression in the tension, followed by a 
gradual decrease till the limiting value is reached with increase in soap concentra- 
tion (Fig. 4). Such a behaviour is also indicated by ordinary electrolytes, the 
interfacial tension depression, however, being less marked than that with soaps, 
‘With saponin, however, the lowering is observed at all concentrations. The 
minima and maxima are conspicuous with n-butyl and isoamyl acetates and octyl 
alcohols. The long-chain methyl esters also show such minima and maxima. 
With salts, such as cadmium iodide, cupric chloride etc., the maximum is followed 
by a minimum and then again a maximum, due to the autocomplexing process 


{this Journal, 1954, 31, 636). 





INTERFACIAL TENSION OF ALIPHATIC ALCOHOLS, ETC. 771 
The maximum phenomenon is likely to throw light on the critical pheno- 
menon of colloidal electrolytes and confirm the view that they conform to the 
laws of ordinary electrolytes in dilute solutions. Further work is in progress. 
Fic. 1 Fic. 2 


I.S.T. (dynes/em.). 





Conc. (M x 10-3). 

Cone. (Mx10- ). n-Propyl acetate 
(1) n-Octyl alcohol—Na-ricinoleate. n-Butyl és _ 
(2) Hexyl 4 _ ~ 
(3) isoAmyl ,, _ 7 


(4) Methyl acetate — és 
(5) isoAmyl alcohol—NaCl (or Na-oleate). (Minima suppressed) 


—K. ricinoleate 


isoAmyl * _ 
n-Octyl alcohol = 
isoAmyl ” a 


Fic. 3 Fic. 


1.S.T. (dynes|cm.) 











Conc. (Mx 10-3). Conc. (Mx 10-3). 
isoAmyl acetate — NaCl (1) n»-Butyl acetate _— Na ricinoleate 
n-Butyl ” — Na oleate (2) isoAmyl .,, - 
sec.-Octylalcohol — ” (3) n-Propyl ., 
n-Butyl acetate — Na palmitate. (4) Ethyl _ 


Interpretation of the Data 


If an electrolyte is added to water in such great dilution that the interionic 





772 HEMLATA KAZI AND C. M. DESAI 


forces are negligible, there must, nevertheless, be a disturbance of the normal 
arrangement of the water molecules in the vicinity of the ions. The electric 
forces between the water dipoles would oppose this disturbance and tend to 
thrust the disturbing ions out, thus causing adsorption at the interface of the 
aqueous phase and the liquid, and decrease of interfacial tension giving a 
minimum. At the minimum in the curve, there is a balance between the forces 
causing adsorption at the interface and the interionic forces attracting the ions 
from it. In view of the electrically unsymmetrical character of the water 
molecules, this force may well be different for positive and negative ions, with 
the result that the negative ions would be drawn into the interior more than the 
positive ions, establishing an electrical double layer with its potential (cf. Grinnell 
Jones et al., loc. cit). As the ionic concentration in solution is increased, the mutual 
attraction between ions of opposite polarity becomes stronger than the forces 
between the ions and water molecules, causing change in electrical double layer 
with decrease in its potential and consequent increase in interfacial tension. 
When the double layer potential approaches zero with increasing ionic concentra- 
tion, the tension will be maximum. With further increase in electrolyte concen- 
tration, a double layer of opposite kind to the original is formed at the interface 
having again some potential, which increases with increase in concentration. 
When this happens, the tension falls. The unstable H-bond ring structure only is 
presumed to be sensitive to this reversal of the electrical double layer. With 
salts, showing autocomplex formation, the rearrangement in ionic atmosphere 
due to complexing, necessitates further reversal in the double layer giving again a 
maximum. The same phenomenon is observed each time when complex for- 
mation between salts takes place in solution with change in salt concentration. 
Any change in ionisation character with rearrangement of ionic atmosphere will 
thus lead to the reversal of the double layer at the interface and be indicated by 
an unstable H-bond structure. 


The authors are grateful to the College Authority for facilities provided for 
this work. 


CHEMISTRY DEPARTMENT, 
M. T. B. COLLEGE, SURAT. Received February 1, 1954. 
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ESTIMATION OF THORIUM BY ORGANIC REAGENTS. PART III. 
USE OF 2: 4D IN THE SEPARATION OF THORIUM FROM 
ZIRCONIUM, TITANIUM AND IRON AND THEIR 
CO-DETERMINATIONS 









By SACHINDRA KUMAR DATTA AND GURUPADA BANERJEE 






2: 4-Dcan separate thorium completely from ferrous iron and titanium in solutions But as 
this reagent forms quantitative precipitates of both ferric iron and zirconium, workable methods for 
their separation and co-determinations with the help of this reagent have been developed. A 
process for the separation and estimation of iron (ic), zirconium, thorium and titanium, when present 
in a mixture, has also been delt with. 









In Part II of this series (this Journal, 1954, 31,397) it was shown that 
2: 4-dichlorophenoxyacetic acid could be used for the estimation of thorium and 
its separation from cerium, lanthanum and other cerite earths in monazite 
extract and also from calcium, barium, strontium, zinc, magnesium, nickel, 
cobalt, aluminium, etc. But it was observed that iron (ic) was precipitated along 
with thorium. Now it has been shown that this reagent gives quantitative 
precipitates with zirconium and ferric salts. Zirconium forms a white gelatinous 
precipitate and iron (ic) gives an orange-yellow powdery precipitate, in acid 
and nearly neutral solutions respectively. Ferrous iron and titanium, however, 
do not form any precipitate with 2:4-D, and hence, can be easily separated from 
thorium in solutions, neutral to Congo red. 



















With a view to utilising this reagent for the separation of iron (ic) and’ 
zirconium from thorium and, if practicable, their co-determination, the present 
investigation has been undertaken. Zirconium, thus, is found to be completely 
precipitated by 2:4-D even in considerable acid concentration, leaving behind 
the thorium salt in solution, which then can be estimated in the filtrate by 
lowering the acid strength to a suitable range. 









The nature of the zirconium precipitate and its effective separation fronr 
thorium depend upon the nature and quality of acids taken. Acetic acid 
presents a suitable medium of separation, as zirconium forms a coarse and 
uniform precipitate in its presence. A considerable amount of the reagent 
solution, however, is required before the zirconium precipitate appears. Nitric 
acid, in proper concentration, seems to be the best medium for the effective 
separation of zirconium from thorium, with the aid of a little ammonium 
acetate which accelerates the precipitation and helps the precipitate to assume 
a granular form. Hydrochloric and sulphuric acids are found unsuitable. 
Ferric iron, however, presents difficulty, as it is co-precipitated with thorium 
completely or partially over the p, ranges, suitable for thequantitative precipitation 
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of thorium; so its separation by the method of differential solubility in acids 
is not feasible. An attempt to find out a suitable masking agent for iron 
failed. Common masking agents like tartaric acid, citric acid, sulphosalicylic acid 
-etc. dissolve both the ferric and thorium salts of 2:4-D. Iron can be removed 
from thorium solution by the Gooch process with ammonium sulphide in presence 
of tartaric acid (Proc. Am. Acad. Arts Sci., N.S., 1885, 12, 444); from the filtrate 
tartaric acid is destroyed and then thorium is estimated in proper acid con- 
centration with 2:4-D. The process is lengthy and troublesome. 


A convenient and easily workable process for the separation of iron from 
thorium in a solution of low iron content has been worked out. The process is 
based on the fact that the thorium salt of 2:4-D is highly soluble in dilute 
ammonium carbonate solution in the cold but the ferric salt is insoluble. On 
making neutral to Congored, the thorium salt of 2:4-D is again thrown down 
in the form of a white precipitate. But ifthe filtrate is boiled, a quantitative 
precipitation of thorium hydroxide occurs. The process works well in solutions 
with low iron content, viz, for a solution having thoria-ferric oxide ratio up to 1 : 1, 
beyond which a gradual increase in the loss of thorium occurs, as a result of its 
adsorption by the iron hydroxide. 


ExPERIMENTAL 


Reagents and Standard Solutions 


2: 4-Dichlorophenoxyacetic acid was prepared and standardised as before 
(Part II, loc. cit.). Stock solutions of thorium and zirconium nitrates were pre- 
pared from B. D. H. reagent grade chemicals. Thorium content was determined 
as before by standard oxalate method. The zirconium was estimated in the stock 
solution by m-nitrobenzoic acid (Walter and Freiser, Anal. Chem., 1952, 24, 1984) and 
tannic acid (Schoeller, Analyst, 1944, 69, 259) and the mean of these determinations was 
taken. Other chemicals used were all of the reagent grade. Ferrous iron solution 
was prepared by dissolving ferrous-ammonium sulphate in water, and acidiying 
with enough sulphuric acid to prevent hydrolysis. Titanium solution was prepared 
by dissolving pure titanium dioxide in a beaker with the aid of concentrated 
sulphuric acid and fused potassium bisulphate and heating to a clear liquid, 
The mass was taken up with water and was made up to a definite volume. A 
solution of ferric chloride was also prepared from an AnalaR sample. “cor 
{ous and ic) and titanium were estimated by standard methods. 


Individual Esitmation of Thorium, Zirconium and Iron (ic) in presence of different Acids to 
find out a Suitable Acid and its Concentration for their Separation 


As besides thorium, zirconium and iron (ic) gave similar precipitates with 
the reagent, an effective separation of thorium from iron (ic) and zirconium, and if 
possible, for the co-determination of thorium-iron and thorium-zirconium, the 
solubilities of thorium, zirconium and iron (ic) salts of 2:4-D in different acids 
were investigated by estimating the amounts of these metals precipitated separately 
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from solutions containing different quantities of nitric, hydrochloric, sulphuric 
and acetic acids. 


The solutions of metals were first rendered neutral to Congo red, then a 
definite quantity of 3.5N acid was added and the mixture diluted to 50 c.c. 
To these solutions was added a hot 1.5% solution of 2:4-D. The thorium salt 
appeared immediately; zirconium first produced a white turbidity, which trans- 
formed to a coarse gelatinous precipitate on adding 0.5 g. of ammonium acetate, 
and with constant stirring, The precipitation of zirconium in presence of acetic 
acid was uniform even in absence of ammonium acetate. The formation of 
zirconium salt was not satisfactory in presence of H,SO, and HCl. A larger 
quantity of 2:4-D was necessary to obtain the iron salt which came out as an orange- 
yellow precipitate. The solution should not be boiled, for the iron salt becomes 
oily on heating. The precipitate of iron is uniform and granular in presence 
of a small amount of ammonium acetate. The precipitates were filtered through 
Whatman No. 42 and washed with a 0.2% solution of the reagent, and ignited to 
the oxide. The results are shown in Table I. 


TABLE I 


Initial volume =50 c.c. 




















No. Acid (3.5 NV). Oxide found (mg). in presence of 3.5N acid. 
HCl. HNOs. H2SO.. Acetic. 
ThO, taken=27.4 mg. 
1 0.5c.c. 19.2 19.8 1901 22.6 
2 13 + Negligible _—- > 0 08- 
3 15 <- ——— Negligible =“ 
ZrO 2 taken=25.6 mg. 
4 5 22.6 25.5 23.8 24.7 
5 13 ~s 25.6 ond 25.6 
6 15 ie 25.5 sion 25.6 
7 18 _ 25.1 _ 25.5 
FeoOs; taken=21.3 mg. 
8 Neutral 213 — ary ais 
9 0.2cc. 21.3 21.2 20.9 21.3 
10 0.5 208 20.3 19.8 212 


It is observed from the above table that thorium is best precipitated in low 
acid concentrations, whereas the quantitative precipitation of zirconium takes 
place when the solution contains from 5 to 15 c.c. of either nitric or acetic acid, 
other acids being unsuitable. Iron requires almost neutral solution for its complete 


precipitation. 
Separation of Thorium from Zirconium, Iron (ous) and Titanium and 
Co-determination of Zirconium 


For the estimation and separation of thorium and zirconium in presence of 
one another, the solution containing the both was first neutralised to Congo red with 
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dilute ammonia and then were added different quantities of 3.5N-HNO, varying 
between 5 and 22 c.c. and 0.5 g. of ammonium acetate and then diluted to 50 c.c. so 
that thorium could remain in solution, while zirconium was precipitated with the 
reagent (1.5%). The zirconium precipitate was washed with a 0.2% solution of the 
reagent and then with 0.1IN-HNO, and ignited to the oxide over a Mecker 
burner. The filtrate, together with the washings, was evaporated to a small 
volume (about 40 c.c.), made neutral to Congo red by adding dilute ammonia, 
and to it then was added an excess of 2:4-D solution. The thorium precipitate 
was filtered, washed and ignited to thoria, as before. The results are recorded 
in Table II. 


TABLE II 
Initial volume = 50 c.c. 


No, Oxides taken. 3.5 N-HNOs. Oxides No. Oxides taken. 35 N-HNOs. Oxides 


found. found. 

1 Th 34.3 mg. 13 c.c. 33.6 mg. 6 Th 27.4 mg. ima 27.8 mg. 
Zr 25.6 - 26.1 Fell 18.9 

2 Th 343 14 34.2 a Th 27.4 ad 27.6 
Zr 38.4 a 38.7 Fell 12.6 

3 Th 27.4 15 27.3 8 Th 27.4 oe 27.2 
Zr 25.6 am 25.4 Ti 18.2 

4 Th 27.4 20 27.7 9 Th 27.4 0.2 c.c. 25.2 
Zr 38.4 w 38.2 Ti 18.2 ie 

5 Th 27.4 22 27.6 10 Th 27.4 = 27.7 
Zr 38.4 °° 37.9 Ti 27.3 


*indicates double precipitation. 


It is seen from the table that the separation is complete from a 50 c.c. solution 
(neutral to Congo red) containing 15 to 20 c.c. of 3.5N-HNO, irrespective of the 
thorium-zirconium ratio. The separation was not carried out in presence of acetic 
acid, as it consumed a large amount of the reagent before precipitation occurred. 


Separation of thorium from ferrous iron and titanium can be effected in 
solutions neutral to Congo red; the former requires double precipitation for 
its complete separation from thorium, The results of these separations are also 
shown in Table II. 


Separation of Iron (ic) from Thorium 


Thorium cannot be separated by this reagent, after the reduction of iron with 
SnCl,, as tin also forms an insoluble salt with the reagent. With the help of 
ammonium carbonate, however, the separation and estimation of both iron and 
thorium were possible. A solution containing thorium and iron (ic) was carefully 
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netitralised to Congo red and diluted to 50 c.c, after addition .of ammonium 
acetate (1 g.). to it. To this cold solution was added an excess of slightly 
hot 1.5 % solution of 2:4-D when a white precipitate of thorium appeared at 
first, which was quickly followed by an orange-yellow precipitate of iron. The 
mixed precipitate was filtered and washed with 50% alcohol to remove the adhering 
reagent solution. To the washed precipitate a 10% solution of ammonium 
carbonate was added, avoiding excess, with constant stirring. The iron salt 
was rendered slightly soluble in large excess of ammonium carbonate solution. 
By a-preliminary experiment it was observed that 10 to 16 c.c of 10% ammo- 
nium carbonate solution was just enough to dissolve a quantity of thorium 
precipitate containing 16.4 mg. of ThO,,. The stirring was continued for about 
10 minutes-to bring thorium completely into solution, Iron salt was slowly 
converted into ferric hydroxide; after standing the solution overnight, the clear 
supernatant liquid was filtered, the precipitate was washed by. decantation with 
a 2% ammonium carbonate solution and finally with slightly warm water on the 
filter. The filtrate and washings were collected together. The iron hydroxide 
was then dissolved in minimum amount of dilute HCl and reprecipitated with 10% 
ammonium carbonate solution to free it from any thorium, a little amount of 
which was always retained by the gelatinous iron hydroxide.. Filtration and 
washing were done as before. Iron was then determined gravimetrically. The 
combined: filtrate was either boiled for about an hour, when the thorium salt 
decomposed to form the hydroxide, or it was carefully neutralised to Congo red, 
when the thorium salt of 2:4-D reappeared, any thorium ion remaining in 
solution was converted into the salt by adding about 10 c.c. of the reagent solution 
at the end. The precipitates were separately filtered, washed and ignited to the 
oxide, The results ate shown in Table III, from which it appears that the 
process works well in a solution containing the metals up to thoria-iron oxide 
ratio 1: 1, and about 16 c,c. of 10% ammonium carbonate solution may be added 
to dissolve a thorium salt containing 16.4 mg. of ThO,. It may be stated that, for 
every 16 mg. of ThOQ, suspecetd to be present, 16 c.c. of 10% ammonium carbonate 
solution may be used for the first extraction and 8 c.c. for the second, Iron did 
not dissolve in such a small quantity of the extractant in the second stage. 





TABLE III 
No. ThO>s. Fe2Os3. Ammonium Oxides found. 
enht 8 adn carbonate - ‘a s 
bt Wemite (10%). First stage pptn. Second stage pptn. 
ThOsg. Fe2Os3. ThOs. FegO3. 
1 32.9 mg. 13.3mg. 30c.c. 285mg. 17.2 mg. ¥3 oe 
2 30.14 13.3 18 vi ads 27.2 mg. 16.6 mg. 
3 21.9 16.0 13 19.8 18.6 i“ pe 
4 21.9 16.0 20 ae - 22.6 15.5 
5 19.2 18.6 13 ws ae 19.6 18.5 
6 19.2 18.6 10 188 19.1 = ae 
7 16.4 16.0 10 sian wi 16.3* 16.4 
8 16.4 16.0 16 isi a 16.9 15.9 
©) 16.4 16.0 9 o oi 16.5 16.] 


8 
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The data, marked with asterisks, in the above table were obtained by boiling 
the filtrate from iron to thorium hydroxide and igniting it to thoria, Other data 
have been obtained by making the filtrate neutral to Congo red and adding more 
2:4-D. 


Separation of Thorium from a Mixture of Zirconium, Iron (ic) and Titanium 
and their Co-determinations 


The above process cannot be applied for the separation of thorium from a 
mixture of Zr, Fe and Ti in solution. Hence, the Gooch process (loc. cit.) for the 
separation of iron was followed. ‘T'artaric acid, 3 to 4 times more than the total 
weight of oxides present, was added to the hot solution, which was next exactly 
neutralised with ammonia, and then acidified with 1 to 2 c.c. of H,SO,, and the 
iron reduced by passing in H,S. After all the iron was reduced, the solution was 
inade distinctly alkaline with ammonia, and the precipitation of iron sulphide 
was completed by passing in more H,S. The iron sulphide was filtered, washed 
and the iron was determined as usual. The filtrate was evaporated nearly to 
dryness and the tartaric acid, present in it, was destroyed by fuming with concen- 
trated sulphuric and nitric acids ; the residue was taken up with water. From the 
solution, now zirconium and thorium were separated with 2:4-D by following 
the procedure already described. From the final filtrate titanium was estimated 
gravimetrically by the usual method. The results are shown in Table IV. 








TABLE IV 
Composition of the mixture. Oxides found. 
‘FegO3. ZrOg. ThO>. TiO2. ‘FegO3. ZrOz. ThO. TiO2 
186mg. 128 mg. 19.2 mg. 18.2 mg. 18.8 mg. 12.3 mg. 19.5 mg. 18.6 mg. 
18.6 25.6 27.4 22.7 18,3 25.2 27.1 22.4 
21.3 25.6 19.2 22.7 21.9 25.0 18.9 21.1 


Sincerest thanks of the authors are due to Dr. K. D. Ghosh, Principal 
of the College, for his encouragement in the work and to Prof. D. N. Das Gupta, 
for his advice and providing laboratory facilities. 
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ore ESTIMATION OF THORIUM BY ORGANIC REAGENTS. PART IV. 
VOLUMETRIC ESTIMATION BY ANTHRANILIC ACID AND 
GRAVIMETRIC ESTIMATION BY 5-IODO-ANTHRANILIC 
ACID 
La By SACHINDRA KuMAR DATTA AND GURUPADA BANERJEE 
the 
tal Using a suitable acid medium, the principle of quantitative bromination of anthranilic acid residues 
tly present in the thorium precipitate has been adopted for the volumetric estimation of thorium. Uses 
he of the sodium and ammonium salts of 5-iodo-anthranilic acid for the gravimetric estimation of thorium 
vn and its separation from cerite earths have also been described. 
oe Murthy and Rao employed anthranilic acid for the estimation and separation 
on of thorium from cerite earths (this Journal, 1950, 27, 549). That many metals 
is (like Zn, Cd, etc.) can be estimated by anthranilic acid, both gravimetrically and 
he volumetrically (Goto, 7. Chem. Soc., Japan, 1934, 55, 1156; Shennan and Smith, 
eM Analyst, 1936, 61, 395 ; Funk, Z. anal. Chem., 1942, 123, 241), by this reagent and that 
ed thorium has not been determined volumetrically, have led the authors to investigate 


the possibility of using anthranilic acid for volumetric estimation of thorium, as 
the volumetric methods are generally more rapid. 


The composition of the thorium salt of anthranilic acid [(C;H,O,N),-Th 
(OH),].as presented by Murthy and Rao (loc. cit.) has been verified and found to 
be definite, with a slight variation in the number of hydroxyl groups. But, as the 
é. number of organic component, associated with a thorium atom in the precipitate, 
is always fixed, the method of quantitative bromination of the ligand has been 
adopted for the determination of thorium volumetrically. 


a, The thorium salt of anthranilic acid in hydrochloric acid solution, on 
bromination with a standard bromate-bromide solution under the condition 
of our experiments, produced an insoluble bromo derivative which was identified 
to be the dibromoanthranilic acid (m.p. 227°). The excess of bromine was 
determined iodimetrically. The reactions involved are : 


(1) (C;H,O,N),.Th (OH), +4HCl — Th** +4 Cl-+2C,H,O,N+2H,0. 
(2) KBr, +5 KBr+6 HCl->3 Br, +6 KCl1+3 H,O. 

(3) C;H,O,N+2 Br, + C,;H,;O,NBr,+2 HBr. 

(4) 2KI+Br, +2 KBr+I,. 


From (1) and (3), it is evident that one atom of thorium is equivalent to four 
Br,, and hence, its equivalent weight becomes Th/8 or 29.015. Therefore, one 
thorium atom is equivalent to eight bromine atoms, i.e. to 8000 c.c. of 1 N bromate. 
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Hence | c.c. of N-KBrO, =0.029015 g. 


.. 5-Iodo-anthranilic acid, in the form. of sodium and ammonium salts, gives 
a voluminous precipitate with thorium, which can be determined only gravimetri- 
cally. It can separate thorium from cerite earths in monazite extract by double 
precipitations. The alkaline earth metals and magnesim give no precipitate with 
the reagent, while most of the heavy metals do, This acid, however, cannot be 
considered as a better reagent for thorium than anthranilic acid. The free acid 
cannot be used for its very low solubility in water. 


ExPERIMENTAL 


Stock solutions of pure feagent grade (Merck’s) thorium, cerium and 
lanthanum nitrates were prepared and estimated as usual. A 3% sodium anthra- 
nilate solution was prepared by adding dilute caustic soda to a requisite quantity 
of anthranilic acid until the p, of the solution rose to 6.5. Some finely powdered 
A. R. potassium bromate was dried for 1-2 hours at 120°, and then cooled in a 
desiccator. A solution.of KBrO, was prepared from. this sample, and was 
standardised by titrating with pure arsenious oxide. 


Volumetrie Estimation 


The procedure of Murthy and Rao (loc. cit.) was followed in the precipitation 
of thorium, with a slight modification. The thorium solution at p, 4.2 was 
heated to boiling and 0.5 g. of solid ammonium acetate was added, after which 
about 20 c.c. of 3% sodium arithranilate was stirred in. Boiling was continued 
for two minutes. The precipitate was filtered hot and washed with boiling 
water several times and finally with alcohol in order to free it completely from 
the’ excess of the precipitant. The washed and wet precipitate of thorium 
anthranilate was dissolved in HCl (1:1), and quantitatively tramsferred to 
a bottle fitted with a ground-glass stopper. A few drops of 1% indigo-carmine 
indicator and 0.5 to 1 g, of pure KBr were added to the solution. It was then 
slowly titrated with standard KBrO, until the colour became pure yellow, indica- 
ting a slight excess of bromine in the solution. The titration was completed 
iodimetrically. Under this condition, one molecule of anthranilic acid consumes 
2 molecules of bromine. Thorium was then calculated from the amount of 
KBrO, used up, as 1 c.c. of N-KBrO,;=0.029015 g. of thorium. The results are 
recorded in Table I. 


TABLE I 
Thorium 0,1365N-KBrO; Thorium Error. Thorium 0.1365N-KBrO; Thotium Error. 
taken. used up. (calc.). taken. used up. (calc.). 
°° 0.0795 g. 20.1 c.c. 0.0796g +0.1 mg. 0.0557 g. 14.0 c.c. 0.0554g. —0.3 mg. 
0.0667 16.8 0 0665 —0.2 0.0394 * 10.0 0.0396 +0.2 


0.0480 12,1 0.0479 —0.1 0.0238 6.0 0.0237. +01 











‘ives 
etri- 
uble 
vith 
t be 
acid 


and 
ira- 
tity 
red 

na 
Was 


ion 
vas 
ich 
ied 
ng 
om 


1m 


ine 
en 
~d- 








ESTIMATION OF THORIUM BY ORGANIC REAGENTS “981 


_ Gravimetric Estimation with 5-lodo-anthranilic Acid 


Preparation of the reagent.—Anthranilic acid (18.4 g.) was dissolved im water 
(170 c.c.) and c.p. HCl (14 c.c.) in a beaker, and the solution was cooled to 20°. 
In a separate beaker a solution of iodine monochloride in HCl was prepared by 
diluting 23.5 c.c, of chemically pure HCl with 85 c.c. of cold water, adding just 
sufficient crushed ice to bring the temperature to 5° and during about 2 minutes, 
stirring in 22 g.of IC]. The ICI solution at 5° was stirred rapidly into the former 
solution at 20°. The iodo-acid separated immediately as a grannular, tan to violet 
precipitate. The mixture was stirred for a while, then filtered, washed with 
cold water and dried at 100°. The purple acid (30.5 g.) was boiled with alcohol 
and animal charcoal and filtered hot over.Biichner, when crystals separated out, 
m.p. 190°. . 

Sodium salt of the. reagent.—Pure 5-iodo-anthranilic acid was dissolved -in 1N- 
NaOH avoiding excess. After dilution with distilled water, the solution was 
filtered and the pu adjusted to 5.5 to 6.5 by means of dilute acetic acid. Distilled 
water was now added until an 1% solution was present. 


Ammonium salt of the reagent.—To 25 g. of the acid, taken in a beaker, was added 
50 c.c. of hot water, and it was dissolved by stirring in ammonia (conc.) until the 
solution was complete at 60° with a slight smell of ammonia. The solution was 
successively bleached and decolorised by sodium hydrosulphite and active charcoal 
respectively, and the mixture was filtered with, suction on a preheated Biichner 
funnel into a preheated flask. The filter was washed with a little boiling water. 
The filtrate was transferred to a beaker, allowed to cool slowly without agitation 
until crystal formation appeared complete, then cooled to 5°. The crystalline 
ammonium salt was then filtered by suction on the Biichner, washed with ice water 
and dried in air. Then 1% solution of this ammonium salt was made with water. 


Procedure—Thorium was precipitated from boiling solution (neutral to 
Congo red) by both the sodium and ammonium salts of the reagent in presence 
of 0.5 g. of ammonium acetate. Boiling was ‘continued for 2 minutes and the 
yellowish white precipitate which settled was then filtered. The precipitate was 
washed with 0.2% solution of the reagent and then with hot water several ‘times, 
and ignited to the oxide. The results are recorded in Table II which shows that 
slightly better results are obtained with the ammonium salt of the reagent. under 
the same conditions. It was found that precipitation was complete, even in the 
absence of ammonium acetate, when ammonium salt of the reagent was used. 


TABLE II 
ThO, found by. ThOs found by 
ThO, taken. Na-salt.. NH g-salt. ThOs taken. Na-salt. NH,g-salt. 
- 0.1764 g. 0.1762 g. 0.1763 g. 0.0220 g. 0.0218 g. 0.0221 g. 
0 0882 0.0834 0.0882 0.0132 0.0129 0.0132 
0.0794 0.0793 0.0795 0.0088 0.0084 0.0087 
0.6618 0.0616 0.0618 0.0066 0.0060 0.0064 


0.0441 0.0440 * 0.0442 0.0012 0.0004 0,0010 
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Influence of py in the estimation»—To find out a suitable p, range for the quanti- 
tative precipitation of thorium, estimations were carried out with both the sodium 
and ammonium salts of 5-iodo-anthranilic acid from solutions of different acid 
concentrations. It follows from Table III, in which the results are recorded, 
that a p, range from 3.5 upwards is effective for complete precipitation of 
thorium with the NH,-salt, and for the Na-salt of the reagent, the said range 
starts from 4, 


TABLE III 
ThO, taken =0,0868 g. 
pu of the soln. 16 2.0 2.2 3.5 4.0 5.2 60 


Na-salt 0.0566 0.0568 0.0650 0.0863 0.0865 0.0867 0.0867 


ThO>2 found by { 
NHg-salt 0.0568 0.0571 0.0680 0.0867 0.0868 0.0868 00869 


Separation from an Artificial Mixture of Cerium and Cerium-lanthanum 


By preliminary experiments it was found that thorium could be separated 
from cerite earths between p, 3.5 and 5.2 with the help of the ammonium salt of 
the reagents, above which range co-precipitation of the rare-earths occurred, even 
in estimations by double precipitation. Different quantities of cerium and cerium- 
lanthanum were added to thorium solutions, and precipitations were carried out 
in the above py range with the ammonium salt of the reagent by following 
the same procedure. Thorium can be completely separated from cerite earths 
by single precipitation, only up to a thorim-rare earth oxide ratio 1: 3, beyond 
which double precipitation is needed. Contamination with cerite earths occurs 
when the above ratio exceeds 1: 8, even on double precipitation. Typical results are 
recorded in Table IV. 


TABLE IV 


Separation of thorium from rare earth. 


Laz O03; ThO Diff. CeO2 LagOs ThO, Diff. 
~ 1 added. | added. added. found. 
ThO2 taken=0.868 g. * ThO2 taken=0.0320 g. 
cae eee 0.0888 g. 0.0710g. 0.0321 +0.1 mg. 
0.1110 ils 0.0869 +01 ,, 
0.1110 0.1060 0.0322 +0.2 

0.1332 a 0.0870 +0.2 ass eum sam 
0.2220 & 0.0874 +06 . ' ' 


* Double precipitation. 


Determination of Thorium in Indian Monazite—Thorium was estimated in an acid 
extract of Indian monazite, by ammonium salt of the reagent within p, ranges 3.5 
to 5.2 by adopting double precipitation procedure, and the results are compared in 
Table V with those obtained with m-nitrobenzoic acid. 
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TABLE V 
5-Iodo-anthranilic acid. m-Nitrobenzoic acid. 

Sample of ThO, % ThOs. ThO, %ThO>. 
monazite obtd. obtd. 

taken. 

0.8401 g. 0.0614 g. 7.30 0.0615 g. 7.32 

1.6800 0.1229 7.31 0.1227 7.30 

1.9600 0.1433 7.31 0.1432 7.30 

2.5200 0 1846 7.32 0.1845 7.32 


Interference by other metals—Excepting the alkaline earth metals and magnesium, 
all other metals are always co-precipitated even on double precipitation. 


Composition of the Thorium Salt of 5-Iodo-anthranilic Acid 


The thorium precipitate was washed several times with hot alcohol and dried 
in an electric oven at 105°-110° toa constant weight. Known quantities of the 
dried precipitate were ignited to the oxide. It is very interesting to note that the 
composition of the precipitate is not the same as that obtained with anthranilic 
acid. Unlike the thorium anthranilate, in which two molecules of anthranilic acid 
residues and two hydroxyl groups are present with one atom of thorium, the 
thorium compound of 5-iodo-anthranilic acid appears to contain three acid resi- 
dues and one OH group associated with an atom of thorium in the molecule. The 
composition, however, is not definite, as ignition tests showed slight variations. 
The precipitate therefore should be ignited to the oxide. 


Sincerest thanks of the authors are due to Dr. K. D. Ghosh, Principal of the 
College for his kind encouragement and to Prof. D. N. Das Gupta, M.Sc. for his 
keen interest in the work and for providing all laboratory facilities. 
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NITRATION OF 7-HYDROXY-4:.METHYLCOUMARIN AND 
ITS METHYL ETHER 


By N. M. SHAH AND D. H. MEHTA 


Nitration of 7-hy ..oxy-4 methylcoumarin and its methyl ether has been studied and the nitro 
derivatives obtained identified. 


Coumarin and 7-hydroxycoumarin afford on nitration two isomeric 6-nitro- 
and 8-nitrocoumarin derivatives (Dey and Krishnamurti, this Journal, 1927, 4, 197; 
Chakravarti and Ghosh, ibid., 1935, 12, 791), whereas, 7-hydroxy-4 methylcoumarin 
has been reported by Pechmann and Obermiller (Ber., 1901, 34, 666) to give only 
one 8-nitrocoumarin derivative, and by Naik and Jadhav (this Journal, 1948, 25, 
171 ; 7. Univ. Bombay, 1948, 16, 46) to give only the 6-nitro isomer. 


Investigation by the present authors has shown that both 6-nitro- and 
8-nitrocoumarin derivatives are obtained by the nitration of 7-hydroxy-4 methy]- 
coumarin, the two isomers differing in their melting points by 6° only. The 
solubility of the two isomeric nitro derivatives in different organic solvents can 
be utilised for their separation. Their various derivatives confirm their existence : 
for sake of brevity, their melting points are shown in Table I. 


The relative yields of the two. nitro derivatives have been found to depend 
on the conditions of the nitration. For sake of brevity, the results of various 
experiments are tabulated in Table II, 


If the nitration is carried out in acetic acid solution, it is practically inhibited 
in the vicinity of ice temperature, and at higher temperatures, 6-nitro derivative 
predominates over the 8-nitro isomer. The results are tabulated below. 


TABLE I TABLE II TABLE III 
Deriva- 6-Nitro- . 8-Nitro- Temp. Period. Products (%) Temp. Period. Products (%) 
a a 8-Nitro-  6-Nitro- 8-Nitro- 6-Nitro 
coumarin, coumarin, coumarin. coumarin 
Acetyl 173° 199° 5-10° 0.5 hr. 32 24 5-10° O.5hr. No reaction. 
Benzoyl 210° 205° 20° 0.5 38 20 5-10° 1.0 Traces* 8 
Methory 282° 229° 35° 0.5 32 16 35° 0.5 8 32 
50°-60° 0.5 20 14 50°-60° 0.5 10 % 


*Most of the coumarin was recovered unchanged. 


On nitrating 7-methoxy-4 methylcoumarin in acetic acid using excess of 
nitric acid, 6-nitro-7-methoxy-4-methylcoumarin only was obtained; the same 
nitration in sulphuric acid gave3:6: 8-trinitro derivative. On nitration in 
sulphuric acid using one mole of HNO;, 8-nitro and 6-nitro derivatives were 
isolated, which were demethylated to the corresponding hydroxynitrocoumarins, 
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NITRATION OF 7-HYDROXY-4 METHYLCOUMARIN 


EXPERIMENTAL 


Nitration of 7-Hydroxy-4-methylcoumarin.—7-Hydtoxy-4- methylcoumarin (10 g.), 
obtained by the method of Pechmann and Duisberg (Ber., 1883, 16, 2119), was 
dissolved in sulphuric acid (80 c.c., d 1.84), cooled in an ice-bath and treated with 
similarly cooled mixture of nitric acid (4 c.c., d 1.42) and sulphuric acid (12 c.c., d, 
1.84) in small quantities at a time, the mixture being shaken after each addition 
and maintained at 5°-10° throughout. When the addition was over, it was allowed 
to stand at the same temperature for half an hour, and then treated with crushed 
ice. A yellow substance separated out. It was crystallised from acetic acid, m.p. 
185°-228°. On treatment with hot alcohol (250 c.c.) nearly half of it dissolved, the 
rest remaining undissolved. It was filtered. The residue (A, nearly 4 g.) cry- 
stallised first from acetic acid and then repeatedly from benzene gave lustrous 
yellow needles, m.p. 262°. (Found : C, 54.25 ; H, 3.05 ; N, 5.98. C,,H;O;N requires 
C, 54.30 ; H, 3.17 ; N, 6.33 per cent). 


From the filtrate, a yellow substance (B) separated out; when crystallised 
first from alcohol and then from nitrobenzene, dull yellow needles of m.p. 256° 
(decomp.) were obtained. ( Found: C, 54.0; H, 3.15; N, 6.19. C,,H;,O,;N requires 
C, 54.30; H, 3.17; N, 6.33 percent). The two products when mixed together 
produced considerable depression in the melting point. 


No depression in the melting point of the product (A) with 6-nitro-7-hydroxy- 
4-methylcoumarin and of the product (B) with 8-nitro-7-hydroxy-4 methylcoumarin 
was observed. 


Similar products were obtained by conducting nitration at 20°, 35° and 50° 
with a slight variation in the relative proportions of the two products (Table II). 


With acetic acid as a solvent in place of sulphuric acid, however, no nitra- 
tion took place in ice-bath. It was only at 35° and 50° that a mixture of the two 
mononitro derivatives was obtained. 


Both yielded acetyl derivatives by acetic anhydride-sulphuric acid method, 
benzoyl derivatives by benzoyl chloride-pyridine method and methoxy derivatives 
by methyl iodide-potassium carbonate-acetone method. They were crystallised 
from acetic acid, their melting points being recorded in Table I. 


On reduction with stannous chloride and glacial acetic acid, the two nitro 
derivatives yielded the corresponding aminocoumarins which on diazotisation 
and subsequent treatment with cuprous chloride solution in concentrated HCl 
gave the corresponding chlorocoumarins, identical with those mentioned in 
literature. 





Nitration of 7-Methoxy-4 methylcoumarin—7-Methoxy-4 methylcoumarin (Pechmany 
9 
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and Duisberg, Ber., 1833, 16, 2124) was nitrated as before using concentarted 
sulphuric acid, 6-nitro-and 8-nitro-7- methoxy-4-methylcoumarins being obtained ; 
with ‘excess of nitricacid, 3:6: 8-trinitro-7-methoxy-4-methylcoumarin was 
obtained, In acetic acid. solution, however, only 6-nitro-7-methoxy-4-methy]l- 
coumarin was obtained. 


Demethylation.—The nitromethoxycoumarins on being heated with anhydrous 


aluminium chloride at 150° for 2 hours gave the corresponding nitrohydroxy- 
coumarins. 


M. R. SCIENCE INSTITUTE, 


GUJARAT COLLEGE, Received February 23, 1954, 
AHMEDABAD: 
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THIOPEGAN DERIVATIVES. PART IV 


By M.S, Duarr And K. S. NARANG 


2-Thio-4-ketotetrahydroquinazoline and its 6-methyl derivative have been condensed with 
4-haloketones and halo-esters Attempted cyclisation of these compounds resulted in desulphurisation. 


Kendall (B. P. 634,951/1950) has mentioned the condensation of 2-thio-4- 
ketotetrahydroquinazoline (I) with chloroacetic acid in alkaline solution with the 
formation of 4-keto-3 : 4-dihydroquinazolyl-2-mercapto-acetic acid (II). Further, 
its cyclisation with acetic anhydride has also been reported. The details of the 
cyclised product and its structures are not given. However, the cyclised product 
could have the structure 10: 11-thiopegene-9-3 : 4-dione (III) or 9: 10-thiopegene- 
10-3 : 4-dione (IV). 


Xe 


co 
C1CH;COOH A/\/\NH 


Oe: yk SH 
n7 io C .CH,COOH 
VS fis 
(I) (II) 
‘ co 
Sh ie ee ee 
; | |. 
LM yt cH, “\A\Z%C 
rye Ee 
1 OC—CH, 
(III) (IV) » # 


In Parts I ( 7. Sci. Ind. Res., 1953, 12B, 466) and II (East Punjab University Res. Bull., 
1953, No. 36, 139), thiopegan derivatives have been synthesised by the following 
ae the structure proposed for the products being (VI). 
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When this route was tried for condensation of (V, R=H) with chloroacetic 
acid, the expected, product (III) was not formed. Instead, ethyl anthranilate 
hydrochloride (VII) was obtained, evidently by hydrolysis of either (V, R=H) or 
an intermediate product (VIII) or by cleavage’of (VIII), as shown below, though 
(IX) has not so far been isolated. 


CO;Et 
ee NH 
fl 
| C CH,COOH 
\VANM4A\24 
NH § 
(VIII) 
CO,Et 
” 
| N 
I 
Nya, HCI + ‘C -S-CH,COOH 
(VII) (IX) 


It was therefore considered desirable to explore the method of Kendall (loc. cit.) 
for the syntheses of various thiopegan derivatives. «-Halo-ketones and mono- 
chloroethyl acetate and «-bromoethyl malonate have been condensed with 2-thio- 
4-keto-tetrahydroquinazoline (I) and its 6-methyl derivative in alkaline solution 
with the formation of the corresponding-products (X) and (XI) (Tables I and II). 
Besides, the product (II) was also obtained by this method. 


R CO 
Leer 
CHOC SR 
AO NS” 
N 5 
(X, R=H or Me; R’=H or other various groups) 


R co 
WYNNE R 


q | : buco, 


“S¥Ns7 
(XI, R= H or Me; R'=H or CO,Et) 


(II) on heating with acetic anhydride underwent decomposition. Other 
compounds on heating with acetic anhydride or on adding to paraffin at 240°- 
260° have given rise to products which contain no sulphur. From the analytical 
results available at present, it would appear that 4-keto-3 : 4 dihydroquinazolyl- 
2-mercapto-acetophenones or esters are undergoing a cleavage into two or more 
parts and some of these parts are again condensing together. Further investigation 
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is necessary in this direction. However, it is felt that under very mild conditions 
it may be possible to effect the ring-closures without desulphurisation. This is 
being attempted. 


(X) (R=H or Me; R’=OMe) and (XI) (R, R’=H) on adding to paraffin 
liquid at 240°-245° gave only (I), 6-methyl derivative of (I) and (I) respectively. 


ExPERIMENTAL 


2- Thio-4-keto-6-methyltetrahydroquinazoline was obtained in almost quantitative 
yield by heating 2-carbethoxy-4-methylphenylthiourea at 150°-160° ‘for half an 
hour. It was dissolved in 20% NaOH solution and filtered. The clear filtrate on 
acidification with HCl precipitated the product asa light pale solid, m.p 321° ; 
crystallisation from glacial acetic acid gave tiny white crystals, m.p. 322°. (Found : 
N, 15, 30. C,H,ON,S requires N, 14. 80. per cent). 


2-Thio-4-ketotetrahydroquinazoline was also obtained in the same manner 
from 2-carbethoxyphenylthiourea, m.p. 315-16°, as against 280°, reported by 
Rupe (Ber., 1897, 30, 1098). 


4-Keto-3 : 4-dihydroquinazolyl-2-mercapto-acetic acid was- obtained by the method 
of Kendall (loc. cit.) ; its m.p. being 223° as described (Chem. Abst. 1950, p. 9287). 


4-Keto-3 : 4-dihydroquinazolyl-2-mercapto-acetophenones (X) and Esters (XI).—2-Thio-4- 
ketotetrahydroquinazoline or its 6-methyl derivative (1 mole) was dissolved in 
2% NaOH solution (1 mole). Fhis was diluted with 3.5.to 4 times its volume of 
water and filtered. To the clear filtrate was then added dropwise with stirring 
an alcoholic solution of w-bromoacetophenone (1 mole) or «-halo-esters. Separation 
of solid started within a few seconds. After keeping at room temperature for 
half an hour the condensation products were collected and crystallised from ethyl 
alcohol in case of (X), and from 40% ethyl alcohol in case of (XI). 


CHEMISTRY DEPARTMENT, 
PUNJAB UNIVERSITY, Received May 3, 1954. 
AHOSHIARPUR (PUNJAB). 
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STUDIES ON FRIES REARRANGEMENT. PART XIII 


By S. S. TrwaRI AND BRAJENDRA N. TRIPATHI 


Fries rearrangement of several substituted phenolic esters of 4-unsaturated acids has been 
studied, 


In continuation of our work on the Fries rearrangement of the substituted 
phenolic esters of 4g-unsaturated acids (this journal, 1949, 26, 339; 1951, 28, 661) 
we have now extended the work to the esters of gs-dimethylacrylic acid and also 
crotonic acid and «g@-hexenic acid. 


The rearrangement was carried out in the usual. way (Tiwari and Tewari, 
this Journal, 1954, 31, 79) at 110° using 1.5 moles of anhydrous aluminium chloride 
without a solvent. In all the cases studied, o-hydroxyketones were obtained 
conforming to Pyman’s tests for these ketones. The mother-liquors, left after 
the distillation of o-hydroxyketones from the products obtained on rearrangement 
of esters having free para positions, were worked up for the para-isomer as usual 
(Tiwari and Tewari, loc cit.). The para-isomer was obtained only in the case of 
6-tert.-butyl-3-methylphenyl crotonate. 


We have successfully prepared the following pyrazolines from the hydroxy- 
phenylvinyl ketones, obtained above by heating their phenylhydrazones with 
acetic acid according to the method of Kohler (Am. Chem. 7., 1909, 42, 375). The 
pyrazolines obtained, when exposed to the bromine vapour, turned green con- 
forming to the Raiford and Peterson test (7. Org. Chem., 1937, 1, 544) for them. 
Further, on reduction with tin and hydrochloric acid, no aniline was formed. 


OH OH OH 
| CCH i. CCH i Cc cE; 
4\4 | | Ph.NH.NH2o/\/ |__|! 20%AcCOH Z\ J]! | 
| | R- a | \ eH 
Oo CH— —R 
Me , Me— Yu Me-\ } x 
Me Me Ph Me Ph 


[R= Me or Pr] 


ExPERIMENTAL 


Substituted phenolic esters were prepared by the action of appropriate acid 
chloride on the substituted phenols in the presence of benzene and magnesium 
(Tiwari and Tewari, loc cit.). The esters are summarised in Table I. The ester 
No. III being solid was recrystallised from petroleum ether, 
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Fries rearrangement of the esters was carried out at 110° without solvent as 
described in the earlier parts of this series (Tiwari and Tewari, loc cit.). The 
p-hydroxyketone, obtained in the case of the ester No. VII, was recrystallised from 
ethanol. The o-hydroxyketone No. V solidified on keeping. These are all 
summarised in Table II. 


These hydroxyketones have been converted into their 2: 4-dinitrophenyl- 
hydrazones which were recrystallised from glacial acetic acid or ethanol (No. XI), 


In the case of ketone No. IV, 2: 4-dinitrophenylhydrazone could not be 
prepared. These, when taken on filters papers and exposed to bromine vapours, 
were not affected. 


Pyrazolines—A mixture of substituted hydroxyphenylvinyl ketone (1.0 g,) and 
phenylhydrazine (1.5 c.c.) was added to 20 c.c of 30% acetic acid and heated on a 
water-bath. After heating for one hour, the contents were left overnight and then 
the crystalline precipitate was collected by filtration, washed with 10 c.c. of 10% 
acetic acid and ethanol, successively. On recrystallisation from glacial acetic 
acid, the pyrazoline was obtained as a yellow crystalline solid in two cases. 


TABLE III 
Pyrazolines. 
Hydroxy- Pyrazoline, M,P. %Yield. Mol, % Nitrogen 
ketone Formula, Found. Calc, 
No. 
V. 1-Phenyl-3-(2'’-hydroxy-4’ : 5’- 165° 62.1 C,sH29ON2 9.64 10.0 
dimethy])-phenyl-5-methyl- 
pyrazoline 
IX. 1-Phenyl-3-(2'-hydroxy-4’ : 5’- 107° 54.0 CooH24ONe 8:81 9.1 
dimethyl)-phenyl-5-n-propyl- 
pyrazoline 


The authors are very grateful to Dr, A. B. Sen for his kind interest in this 
work, 


THE CHEMICAL LABORATORIES, Received March 16, 1954, 
LUCKNOW UNIVERSITY, 
LUCKNOW. 
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ETHANOLYSIS OF VEGETABLE OILS USING SODIUM 
HYDROXIDE AS A CATALYST. PART IV 


By B. K. MUKHERJI AND Dipti KALYAN CHOWDHURY 


By ethanolysing 100 g. of vegetable oil at 50° with 2 equivalents of ethanol using 0.25% of NaOH on 
wt. of oil as a catalyst, it has been found that, in general, saturated acids inter-esterify more rapidly than 
the unsaturated ones. Amongst the saturated acids, those with low molecular weights are eliminated 
somewhat more rapidly than the high molecular weight acids. Amongst the unsaturated acids i.¢., ricino- 
leic, oleic, linoleic and linolenic acids, the speed of inter-esterification is in the decreasing order from oleic 
to linolenic. The role of conjugated unsaturation in these reactions offers a contrast to its ordinary 
chemical reactivity, as it is seen that elaeostearic acid enters into inter-esterification reaction more 
slowly than linoleic acid. The length of carbon chain of the fatty acid appears to influence its speed of 
inter-esterification, This is best exemplified by the behaviour of erucic acid, which undergoes inter- 
esterification more slowly than linoleic and linolenic acids, though the last two are more unsaturated 
than erucic acid. The speed of elimination of a certain fatty acid by inter-esterification is greatly 
influenced by both the amount and the nature of other fatty acids present in the oil, 


In continuation of the previous parts (this Journal, 1954, 31, 116, 125, 129) 
it was thought desirable to make a comparison between the amounts of fatty 
acids esterified and the acids present in the oil itself or to have a comparative 
study of the acids esterified at different stages of the reaction in order to form an 
idea about the behaviour of the constituent acids of glycerides, and thus to attempt 
an interpretation of ethanolysis from the viewpoint of fatty acid composition of the 
glycerides. 


ExPERIMENTAL 


Ethanolysis was carried out with 100 g. of dry netural oil in each case at 50° 
using two equivalents of ethanol per equivalent of the oil and 0.25% of caustic 
soda on the weight of oil was used asa catalyst. The details of the procedure were 
planned according to Feuge and Gros as stated in earlier parts (loc. cit.). 


The mean molecular weights of the fatty acids of the oils, the percentages 
of di-and tri-glycerides and non-saponifiables present in these were shown in Table 
I of Part I (loc. cit.). 


The component mixed fatty acids of the oils treated were determined by 
spectrophotometric absorption technique, as recommended by Hilditch, Morton 
and Riley (Analyst, 1945, 70, 68,) and later modified by Hilditch, Patel and Riley 
(ibid., 1951 76, 81). 


The unsaturated acid contents in all the oils except castor and mustard oils 
were estimated in the mixture of the fatty acids from the spectrophotometric 
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data and iodine values of the mixed acids. For similar calculation in case of 
castor oil, the hydroxyl value of the mixed fatty acids was taken into account. 


In tung oil, due to presence of elaeostearic acid and linoleic acid, the iodine 
value of the mixed fatty acids as determined by Tom’s method was lower than 
that calculated from spectrophotometric analysis, and so in this case the proportion 
of oleic acid present could not be estimated; this is therefore reported together 
with saturated acids, 


In mustard oil, which contains two mono-ethenoid acids (oleic and erucic) the 
proportions of linoleic and linolenic acids only could be calculated by spectroscopy. 
Data are reported in Table I. 


TABLE I 
Analyses of the mixed acids of the oils. 


Cocoanut. Linseed. Tung. Sesame. Mohua. Mustard. Castor. 
Mean mol. wt. of the mixed 


acids (Ex N-S) 200.1 278.1 279.8 279.3 276.2 304.9 295.4 
Non-sap. (%) 0.4 1.1 0.7 1.2 2.8 0.5 0.8 
LV. of the mixed acids 6.2 192 203 112.4 59.6 103.8 86 0 
Hydroxy] value of the eee ” one a mm re 164.2 

mixed acids 

1% untreated 
von at 268 me és ia 1381 

1%.170°/15 mins. 
Ey oa. at 268 mi a 269 1315 3 5 14 4 

1% 180°/60 mins. 
Ey em, ot 206 oot 9.0 494 233 359 102 195 36 
Sat. + N-S (%) 94.0 9.4 { 13.6 15.0 45.1 ree 38 
Oleic (%) 5.0 -18.4 , 45.5 43.7 ie 5.0 
Linoleic (%) 1.0 23.7 8.9 39.5 11.2 19.9 4.0 
Linolenic (%) _ 48.5 sa ei saa 2.6 
Elaeostearic (%) _ hi 77.5 ins _ ose aa 
Ricinoleic (%) ie oe st a on aia 87.2 


Ethanolysis of linseed, tung, sesame and castor oils was stopped after 5 
minutes and the reaction product was neutralised and dried according to usual 
methods. The total amount of esters formed was distilled out under vacuum 
through a fractionating column (cf. Longenecker). The mixed fatty acids from 
this were analysed and their proportions compared with the mixed acids present 
originally in the oil. The behaviour of the constituent fatty acids towards etha- 
nolysis could thus be ascertained. As the major constituent acids in these oils 
were unsaturated and the proportions of the saturated acids present were low, the 
behaviour of the major constituents was only observed. The results are presented 
in Table II. 
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TABLE II 


Analyses of linseed, tung, sesame and castor oil-acid ethyl esters produced after 


5 minutes of ethanolysis. 


Linseed. Tung. Sesame. Castor. 

Et esters formed (g.) 45.91 41.69 69,13 68.59 
S.E. of ester 306.9 306.6 307.0 324,1 
LV. of mixed acids of ester 160 193* 105 84.0 
Hydroxyl] value of ester sa ‘ily sein 154.3 
Hydroxyl value of mixed acids of ester a ida hab 170.2 
E ee of the mixed acids of esters : 

(a) Untreated at 268 m# om 1157 

(5) 170°/15 mins. at 268 m# 187 “am _ -_ 

(ec) 180°/60 mins. at 234 m# 418 231 309 20 
Composition of the mixed acids of esters : 

(a) Saturated 15.9 23.7t 17.8 3.8 

(b) Oleic 25.6 ei 48.2 3.9 

(c) Linoleic 24.8 11.3 34.0 2.1 

(d) Linolenic 33.7 — 

(e) Elaeostearic — 65.0 ian Po 

(f) Ricinoleic o oe wa 90.2 
% Acids inter-esterified** : 

(a) Saturated 778 73.0T 84.0 83.6 

(6) Oleic 62.0 ae 69.8 51.4 

(c) Linoleic 45.0 49.5 56.7 34.3 

(d) Linolenic 30.0 ‘al 

(e) Elaeostearic eee 33.2 in ai 

(f) Ricinoleic ooo we ane 67.6 


*Determined by Tom's method, 

{The calculated I.V. due to elaeostearic and linoleic acids being somewhat greater than the observed 
value, the saturated acids, oleic acid and N-S are reported together. 

**Calculated on the basis of acids in original oils. 


The saturated acids in cocoanut and mohua oils constitute respectively more 
than 93% and 45% of the total mixed acids. Cocoanut, mohua and mustard oils 
were ethanolysed under identical conditions for 5 minutes and 60 minutes. The 
ethyl esters obtained in the two runs were fractionated (Table IIIa, IIIs, IVa, 
IVs, Va, VB). The saponification equivalent and iodine value of each fraction 
were determined, These values together with data from spectrophotometric 
analyses and iodine values of the mixed fatty acids obtained from each fraction 
allowed an estimation of the amounts of constituent fatty acids present in each of 
them. 
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No. 


Ft tt et es 
Ue WONKHOODIDNAWNe 


€2-64° 
64-65° 
65-66" 
66-82° 
82-92° 
92-108° 
108-10° 
110-16 
116-22° 
122-36° 
136-39° 
139.48° 
148-50° 
150-54° 


B.P. 


Ester. S.E. of 
ester. 
5.27g. 173.0 
2.93 175.9 
2.45 183.9 
1.89 191.6 
3.63 222.4 
10,03 227.9 
12.07 230.2 
14.45 230.9 
8.34 240.2 
5.81 250.2 
2.80 265.9 
2.53 2746 
1.91 291.4 
2.08 305.2 
2.20 312.0° 
77.39 


* SE. of fraction No. 15 (ExN-S) = 3049 


TABLE IIIA 


Ester fractionation data for the ethyl esters of cocoanut oil-acids produced 
by 5 minutes of ethanolysis. 
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LV. of Computed as acids from the esters 
mixed tSaturated. Unsat | 
acidsof — ov am, Geant. 
ester. Cs. Cio. Ci2. Cig. Cis. Cis. 
4.30 0.11 
2.14 0.32 
1.20 0.87 
0.48 1.13 u 
0.67 2.50 
0.14 8.65 ste 
9.93 0.67 
11.50 1.19 
4.21 3.15 
1.14 4.02 ios 
1.65 0.85 
_ 0.80 1.47 one - 
9.4 1.30 0.26 0.17 
27.6 0.46 0.85 0.58 
33.7 0.09 0.07 1.04 0.72 
78.12 3.24 37.93 11.48 4.15 2.15 1.47 


t Gives the weight of Cs acids combined as ethyl ester only. 
I Linoleic acid, nil. 
Fraction No. 15 gave H.V. as 318 and N.S. 0.05. 


Ester. S.E. I.V.of H.V. El% 


of mixed 


TABLE IIIs 
Ester fractionation data for the ethyl esters of cocoanut oil-acids produced by 
60 minutes of ethanolysis. 


Computed as acids from the esters. 
Saturated. 


of Icm. of 


ester. acids ester. mixed 
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PNONNAPEAADYNNWU 
ws © cow @ mown 
DASH ONSOORoOSSNSD 
we 


‘ 


of 


ester. 


. 173.7 


177.2 
183.7 
191.9 
223.8 
228 2 
230.9 
233.5 
240.3 
2513 
266.2 
| he 
291.3 10.7 
304.7 343 
315.5* 44.3 


acids of 
ester. 
(180°/60 
mins. at 
234 mF). 


22 
26 


AW 


Unsaturated, N-S. 





o 


Cs. 


. ope 
: Ubdboyw 
RERZ 


Cio. 


:; 2Serees 
‘ S8888& 


| a 
Cig. Cy4. Cig. Cig. Oleic. Lin- 


2.64 
10.67 
12.92 
12.60 

5.61 

1,27 


- SrMmb@Nr. .... 2 
$ apmbabe notes §$ 3 $s 8 
aADROAS 


8.75 3.61 45.71 15.42 5.80 


*S.E, of fraction No. 15 (Ex N-S)=311.1 


oleic. 
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By fractionating the ethyl esters of cocoanut oil-acids, produced by 5 minutes 
of ethanolysis, the last fraction (No. 15) (vide Table IIIA), was found to possess a 
hydroxyl value. This was supposed to be due to the presence of mono-caprylin, 
and from the knowledge of the hydroxyl value, the proportion of caprylic acid in 
the said fraction was calculated. 


While fractionating the ethyl esters of mustard oil-acids, an assumption has 
been made that the relative amount of C,, acid present in each fraction remains 
constant. Thus it was possible to determine the amounts of oleic acid and erucic 
acid in fractions containing erucic acid. 


Spectrophotometric absorption data for the mixed acids in a fraction revealed 
the proportion of oleic, linoleic and linolenic acids present in fractions containing 
no erucic acid (as evidenced from saponification equivalent of the fraction). In 
fractions containing erucic acid, the amount of oleic acid was first calculated from 
the amount of linoleic acid present in th. nixed fatty acid by assuming that the 
proportion of linoleic and oleic acids was con ’ each fraction. The amount of 
oleic acid present being known, the iodine valu- aue to oleic, linoleic and linolenic 
acids could be calculated. The difference between this and the iodine value of the 
mixed fatty acids of the fraction gave the amount of erucic acid present, The experi- 
mental technique used in these investigations such as ester fractionation and the 
calculations involved in determining the proportion of the fatty acids from the 
S.E., LV. etc. were those recommended and described by Hilditch (“Chemical 
Constitution of Natural Fats”, 2nd Ed.). 


TABLE IVA 


Ester fractionation data for the ethyl esters of mohua oil-acids produced by 
5 minutes of ethanolysis. 


No. B.P. Ester. S.E.of I.V. of the EL% f Computed as acids from esters. 
ester. mixed acids lcm. ° 
of esters. mixed acids Saturated. | Unsaturated. N-S. 
sea = Fr Ci6. Cis. Oleic. Linoleic. 
1 148° 5.44g. 286.9 6.8 9 4.43 0.16 0.27 0.05 
2 148.46° 9,57 288.7 10.8 13 7.24 0.49 0.78 0.13 
3 146-50° 7.44 296.8 32.1 41 3.55 1.08 1,80 0.30 
4 150-52° 10.07 304.5 51.1 67 2.25 2.37 3.85 0.67 
5 152-54° 10.72 308.7 64.5 85 0.53 3.14 5.17 0.91 
6 154-56° 11.51 309.7 65.5 87 0.39 3.46 5.62 1.00 _ 
7 156-58" 15.05 315.6* 68 8 89 008 4.59 7.49 1.32 0.23 
69.80 18.47 15.29 2498 4.38 0.23 


*S.E. of fraction No, 7 (Ex N-S)=310.9 
Comparing with the analyses of the original oil and oil-acids 
% of saturated acids inter-esterfied=83.5% 
% of oleic acid inter-esterified =59.7% 
% of linoleic acid inter-esterified =41.9% 
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3 TABLE IVB 
a Ester fractionation data for the ethyl esters of mohua oil-acids 
) produced by 60 minutes of ethanolysis. 
n 
LV. of the 1% Computed as acids from esters. 
No. B. P. Ester. S. E.of mixed acids E of mixed Saturated. Unsaturated. N-S. 
ester. of esters. lcm. a Se. 
acids (180°/ Cig. Cys. Oleic. Linoleic, 
s 60 mins.) at 
Ss 234 m#. 
Cc 1 148° 10.32g. 292.7 23.0 32 643 0.85 1,72 0.33 
2 148-46" 12.61 292.8 23.1 35 7.84 1.06 2.08 0.42 
3 146-48° 11.70 300.3 446 65 4.24 1.88 3.73 0.76 
4 4 148-50° 9.46 305.9 59.3 82 166 2.05 4.10 0.78 
5 150-52° 12.78 309.5 70.0 se) ) 0.58 3.28 6.48 1.27 
5 6 152-54 13.57 309.6 70.2 101 0.63 3.46 6.88 1,37 - 
n 7 154-56 12.09 314.8° 73.2 105 0.10 3.19 6.30 1.26 0.16 
n 8 156-58" 10.27 317.1° 73.3 106 0.07 269 5.35 1,05 0.20 
, 92 80 2155 1846 3664 7.24 0.36 
Cc 
. * S.E. of fraction No. 7 (Ex-N-S)=310.6. 
| S.E. of fraction No. 8 ( Ex-N-S)=310.8. 
4 Comparing with the original oil and oil-acids 
~ % saturated acids inter-esterfied =98.9% 
4 % oleic acid inter-esterified =87.5% 
l % linoleic acid inter-esterified=69.2%. 
TABLE VA 
Ester fractionation data for the ethyl esters of mustard oiltacids produced by 
5 minutes of ethanolysis. 
1% 
No. B.P. Ester. S.E. of LV. E of mixed acids. Computed as acids from the esters 
ester, ofthe  Icm. Saturated. Unsaturated. 
mg —— peaein, ne yh ee 
acids (170/15 (180°/60 Cy6. Cy. Oleic. Lin. Len. Erucic. 
f _ mins) at mins) at 
— 268 m#, 234 mB. 
1 154° 12.04g. 3080 1162 20 301 0.67 0.32 620 3.36 0.39 
2 154-56° 7.80 309.8 124.0 21 319 ini 428 232 0.27 
3  156-60° 466 309.6 123.8 21 321 oa! O23 256 139 O16... 
4 160-63° 380 309.8 124.0 22 318 eae 0.11 2.08 113 013 
5 163-76° 1,26 321.5 112.1 ia 252 snih - a: ae 0.24 
16 176-84 10.85 369.2* 75.4 ie 3 tie ais 0.05 0.03... 9.85 
40.41 0.67 0.78 15.76 8.55 0.95 10.09 
* S.E. of fraction No. 6 (Ex N-S)=366.1 
+ Mustard oil used in this experiment was made free from sulphur compound before ethanolysis. 
t N.S of fraction No. 6 was 0.09 (total, 0.09), 
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TABLE VB 


Ester fractionation data for the ethyl esters of +mustard oil-acids 
produced by 60 minutes of ethanolysis. 





No. B.P, Ester. S.E. of I.V. of the pi% » Computed as acids from the esters. 
ester. mixed acids lcm. 
of ester. mixed acids. Saturated. Unsaturated. 
a ae ir 
(170°/15 (180°/60 C16. Cig. Oleic. Lino- Lino- Erucic. 
mins.) at mins.) at leic. _lenic. 
268 mP. 234 m#. 
1 155° 18.64g. 308.5 119.8 21 319 0.88 0.46 9.40 5,55 0.66 
2 155-59° = 12.10 309.4 126.6 23 337 .. O31 644 3.80 0.45 
3 159-61° 7.60 309.6 126.2 22 334 .. 020 404 2,39 0.28 
4 161-63° 6.63 309.8 126.4 24 339 » 2 2 2 oe a 
§ 163-78° 1.12 328.6 105.9 om 214 ie .. O41 0.24 om 0.37 
16 178-86° 22.92  368,0* 75.5 as 4 pi ».- of 68 .-. 20.83 
69.01 0.88 1.14 23.95 14.14 1.64 21.20 


+Mustard oil used in this experiment was made free from sulphur compound before ethanolysis. 
*S.E. of fraction No. 6 (Ex N-S)=366.0 
IN-5 of fraction No. 6 was 0.12 (total 0.12). 


DISCUSSION 


Under the given experimental conditions the order in which the constituent 
acids of an oil are ethanolysed is shown below. 


Cocoanut oil_—In cocoanut oil the staturated acids, and amongst the saturated 
acids those with low molecular weights are eliminated somewhat more readily 
than the high molecular weight constituents. Palmitic acid is eliminated only 
slightly more rapidly than stearic acid, but the difference in rate is not much 
appreciable. Amongst the unsaturated acids, oleic acid enters more rapidly into 
combinetion than linoleic acid. 


Linseed oil_—Here also the saturated acids as a whole are eliminated more 
rapidly than the unsaturated acids. It is observed that amongst the unsaturated 
acids, i.e., oleic, linoleic and linolenic, the more the unsaturation, the slower the 
rate of inter-esterification. 


Tung oil.—The saturated and oleic acid are together inter-esterified more 
rapidly than linolenic acid, or elaeostearic acid. Elaeostearic acid is less readily 
inter-esterified than linoleic acid. 


Sesame oi.—As in previous cases, the saturated acids as a whole are inter- 
esterified more rapidly than oleic or linoleic acids, and oleic acid is inter-esterified 
with a greater speed than linoleic acid. 


Mohua oil.—It behaves almost similarly like cocoanut oil. The saturated acids 
as a whole are eliminated with a greater speed than either of linoleic or oleic acids, 
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Oleic acid is inter-esterified more rapidly than linoleic acid. Amongst the 
saturated acids, palmitic acid is eliminated somewhat more rapidly than stearic 
acid, but the difference between the rate of elimination of the two is not very 
appreciable. 


Castor oil.— Although it is the only alcohol-soluble oil, no peculiar deviations 
from the above trend is observed. ‘The saturated acids as a whole are eliminated 
more rapidly than either ricinoleic, oleic, or linoleic acids. Of the last three, the 
speed of inter-esterification decreases from ricinoleic to oleic and from oleic to 
linoleic. 


Mustard oil.—The speed of elimination of the fatty acids is in decreasing order 
from palmitic, stearic, oleic, linoleic, linolenic and erucic acids. The lowest rate 
in inter-esterification of erucic acid points to the fact that, like unsaturation, 
the length of the molecular chain has also a bearing on the course of inter- 
esterification. The rate of inter-esterification was very slow when the normal 
oil was taken. Preliminary removal of allyl isothiocyante by solvent extraction 
enhanced the rate of inter-esterification. 

TABLE VI 
Comparison of the amounts of cocoanut, mohua and mustard oil-acids inter-esterified 
in 5 & 60 minutes. 


Acids Amounts of acids inter-esterified. % Increase in amounts of acids 
—— in 5 min. in 60 min. inter-esterified in 55 mins,* 

Saturated : Cocoanut oil. 

Cy, 8.12 g. 8.75 g. 7.8 

Cio 3.24 3.61 11.4 

Ci2 37.93 45.71 20.5 

Ci4 11.48 15.42 343 

Cis 415 5.80 39.8 

Cis 2.15 3.10 44.2 

Unsaturated acids : 

Oleic 147 3.20 118.0 

Linoleic ‘aii 0.19 

Saturated : Mohua oil 

Cis 18.47 21.55 16.7 

Cis 15.29 18.46 20.7 

Unsaturated : 

Oleic 24,98 26.64 46.7 

Linoleic 4.38 7,24 65.3 

Saturated : Mustard oil (freed from sulphur compounds). 

Cis 0.67 0.88 31,3 

Cis 0.78 1.14 46.1 

Unsaturated : 

Oleic 15.76 23.95 52.0 

Linoleic 8.55 14.14 65.4 

Linolenic 0.95 1.64 72.6 

Erucic 10.09 21.20 100.2 


“Expressed as percent of amount inter-esterified in 5 minutes. 


1] 
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It has been observed that under a specified set of conditions, the rate of 
elimination of a particular acid by inter-esterification varies from oil to oil. This 
tends to suggest that the speed of elimination of a certain acid by inter-esterifica- 
tion is greatly influenced both by the amount and the nature of other fatty acids 
present in the oil. 


Data in Tables II and III would show that though the rate of elimination 
of a particular acid during reaction varies from oil to oil, there exists a general 


trend in their behaviour towards inter-esterification. Contrary to the general 
tendency of increased reactivity of unsaturated compounds in other chemical reac- 
tions, here the saturated acids are found to be more rapid than the unsaturated ones. 
Again, the length of carbon chain of the fatty acids appears to influence its inter- 
esterification, the general tendency being that the lower the molecular weight i.e., 
the shorter the length of the carbon chain, the higher the rate of inter-esterification. 
This is best exemplified by the behaviour of erucic acid, which undergoes inter- 
esterification more slowly than stearic, oleic and linoleic acids. 


The role of conjugated unsaturation in these reactions again offers a contrast 
to its ordinary chemical reactivity, as it is seen that linolenic acid and elaeostearic 
acid show the same characteristics, and in uniformity with the tendencies of other 
unsaturated acids in the order of increased unsaturation. 


Though the observations indicate a general tendency of the fatty acids to be 
esterified according to their molecular weights and unsaturation, it is not possible 
to assess the relative influence exerted by different fatty acids on one another when 
present together in a fat. This elucidation can be possible only when reactions are 
carried out with synthetic mixture of glycerides under identical conditions. 


Besides the fundamental importance of the observation made in the present 
investigation, the knowledge of the behaviour of these fatty acids during inter- 
esterification will have a bearing on the commercial manufacture of “tailor-made 
fats” which are assuming large importance. 
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STUDIES ON THE GELATION OF SILICIC ACID SOLS. PART I. 
EFFECT OF HYDROGEN ION CONCENTRATION ON THE 
TIME OF GELATION 


By K. C. SEN AND B. N. Guosu 


Silicic acid sols have been prepared from sodium silicate by adding it to different mineral and 
organic acids at different hydrogen-ion concentrations and their gelation studied. There is a pu corres- 


ponding to the maximum time of gelation. This pa is different for different acid systems, but in each 


case it is independent of the silica concentration of the sol and also of the concentration of free acid in the 
The pu corresponding to the maximum time of gelation is generally greater, the weaker the acid. 
gelation with pu, tem- 


sol 
An empirical equation has been suggested tc explain the variation in the time of 


perature and silica concentration remaining constant. 


The common method of preparation of colloidal silicic acid is the interaction of a 
solution of scdium silicate with an acid. The gel is obtained from silicic acid sol on 
ageing. The gelation of silicic acid sol presents a number of interesting features. The 
factors influencing the rate of gelation as well as the nature of the gel have been studied 
Of these, the effects of pu, tem- 


by various workers (Hurd, Chem. Rev., 1938, 22, 403). 
But so far no 


perature and concentration of soi have been investigated in some detail. 


systematic attempt, aimed at elucidating the mechanism of gelation, correlating some or 


all these factors has been made. For this purpose information on the above topics is 


required on a much wider basis. 
EXPERIMENTAL 


Sodium silicate solution was prepared from the powder (B.D.H) of the salt. The 
silicate was left with distilled water for about a fortnight with occasional shaking after 
which it was filtered several times through quantitative filter papers until a clear solution 
This solution, if indefinitely kept or heated in Jena or pyrex bottles, did 
The molecular proportion of Na,O:SiO, in the silicate 

The sols were always prepared in Jena or pyrex bottles 
Ageing was carried out at 


was obtained. 
not undergo any visible change. 
solution was approximately 1:2. 
by adding the silicate solution to the acid-water mixtures. 
a constant lemperature in an electrically controlled thermostat. 

Time of Gelation.—Time of gelation has been denoted by the time required for the 


attainment of a certain strength of the gel. This corresponds to the time in course of 


gelation when a spherical glass ball of mass nearly 0.1 g. just remains suspended but a 
ball of a slightly greater weight slowly falls through the gel. This method of measure- 
ment of the time of gelation of silicic acid sols, although arbitrary, is found to be 
reproducible and comparable with other methods of measurement. The gelation of 
silicic acid sol takes place on ageing as a result of some complicated reaction which con- 
tinues even when the sol has set to a hard gel. Time of gelation therefore indicates 
the completion of a fraction of the reaction. 
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Silicic acid sols of various silica concentrations and having different pa in the acid 
range were prepared by adding sodium silicate solutions to solutions of hydrochloric, 
sulphuric, phosphoric, tartaric, citric, monochloroacetic and acetic acids. ‘The time 
of gelation of these sols was determined at 55° and that of the sols obtained with hydro- 
chloric acid was also determined at 35° and 45° respectively. The pa values were 


measured by a quinhydrone electrode in combination with a calomel electrode. The 
data with hydrochloric acid system, which may be regarded as specimens, are recorded 
in Table I. 
TABLE I 
Time of gelation (t). 
(a) SiO, cone. =2.5%. (b) SiO, cone,=3.0%. (c) SiO, conc. = 3.5%. (d) SiO, conc. =4 0%, 


A, Temp.=35°. 


Pu. t Pu . t. pu. t. pa. t. 
0.38 57 hrs. 0.28 32 hrs. 0.26 20 hrs. 0.27 17 hrs. 
0.71 140 0.57 62 0.60 42 9.71 48 
1.12 217 0.98 156 1.02 115 1.15 99 
1.64 291 1.57 211 1.55 148 2.07 94 
1.83 264 1.74 195 1.77 148 2.45 56 
2.26 196 2.08 139 2.08 118 2.90 23 
2.99 71 2.90 53 2.89 40 
B. Temp.=45°. 
0.22 15 0.45 32 0,06 6 0.35 10 
0.89 86 0.65 48 0.45 17 0.76 30 
1.35 153 112 96 0.64 31 9.93 42 
1.63 148 1.70 105 1.18 65 1.20 55 
2.16 98 2.06 83 1.57 67 1.66 56 
2.77 55 2.60 46 2.17 57 2.19 38 
2.53 26 3.16 23 2.59 3° 2.34 28 
3.38 9 2.56 16 
3.14 7 
C. Temp.=55°. 
Si0,=2.0%. Si0,=2.5%. Si0,=3.0%. Si0,=3.5%. SiO, =4.0%. 
c0>o~-n ~~ na ~-_—— ~~ 
pu. t. pu. t. Pu. t. Pu. t. Pa. t. 
0.22 18 0.37 21.5 v.19 10 0.40 10 0.30 6 
0.55 50 0.71 47 0.50 21 0.73 17-5 0.64 12 
0.83 89 1.10 75 0 63 28 1.07 32 0.84 21 
1.10 118 1.64 73 1.00 47 I 47 37 1.27 25 
1.67 113 1.95 60 1.40 52 1.88 31 1.4! 25 
2,00 83 2.38 39 1.90 35 2.11 2 1.80 21 
2.53 56 2.91 15 2.37 22 2.74 9 2.13 - 18.5 
2.72 35 3-26 4 277 65 


The time of gelation of sols, shown in Table I c, has been plotted against the curres- 
ponding px and the plots are shown in Fig. 1. It appears from the curves that the 
time of gelation of silicic acid sols of a particular silica concentration and at a particular 
temperature is dependent on ju. In sols of pa nearly equal to 3, the time of 
gelation is very low. As the pa is decreased, the time of gelation increases till it 
is nearly 1.33 and the time of gelation becomes maximum. On further decreasing 
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the pa, the time of gelation decreases and becomes very low at about zero pu. ‘The pu 


corresponding to the maximum time of gelation appears to be independent of silica 
concentration but is very slightly affected by a change of temperature. ‘Thus from curves 
obtained by plotting the time of gelation of silicic acid sols, shown in ‘Table I, 
againsi pu, the pu corresponding to the maximum time of gelation appears to be 1.50 
at 35°, 1.43 at 45° and 1.33 at 55° r_spectively. Curves obtained by plotting the time 
of geiation against px of silicic acid sols obtained with different acid systems are similar 
to those shown in Fig 1. In all these cases the px corresponding to the maximum time 


Fic. 1 


; eae 





ose - 














pin 


of gelation is independent of the silica concentration of the sol, but it is different for the 
different acids used. Thus at 55°, the pu values corresponding to the maximum time 
of gelation are 1.33, 1-15, 1.83, 2-70, 2.75, 2.30 and 3.43 for hydrochloric, sulphuric, 
phosphoric, tartaric, citric, monochloroacetic and acetic acids, respectively (cf. Fig. 2). 


In each case the sol contains electrolytes. Besides hydrogen and sodium ions, acid 
anions and neutral acid molecules are present in the sol. Phosphoric, tartaric and citric 
acids, although polybasic in character, produce monovalent acid anions as the acids are 


weak and excess of them is always present. The amount of electrolytes present ina 
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Silicic acid sols of various silica concentrations and having different pa in the acid 
range were prepared by adding sodium silicate solutions to solutions of hydrochloric, 
sulphuric, phosphoric, tartaric, citric, monochloroacetic and acetic acids. The time 
of gelation of these sols was determined at 55° and that of the sols obtained with hydro- 
chloric acid was also determined at 35° and 45° respectively. The fa values were 
measured by a quinhydrone electrode in combination with a calomel electrode. The 
data with hydrochloric acid system, which may be regarded as specimens, are recorded 
in Table I. 


TABLE I 
Time of gelation (t). 
(a) SiOz cone. = 2.5%. (b) SiO, cone. =3.0%. (c) SiO, conc. = 3.5%. (d) SiO, cone. =4 0%, 
A. Temp.=35°. 
pu . t. Pu . t. pu. t. pa. t. 
0.38 57 hrs. 0.28 32 hrs. 0.26 20 hrs. 0.27 17 hrs. 
0.71 140 0.57 62 0.60 42 9.71 48 
1.12 217 0.98 156 1.02 115 1.15 99 
1.64 291 1.57 211 1.55 148 2.07 94 
1.83 2€4 1.74 195 1.77 148 2.45 56 
2.26 196 2.08 139 2.08 118 2.90 23 
2.99 71 2.90 53 2.89 40 
B. Temp.=45°. 
0.22 15 0.45 32 0,06 6 0.35 Ic 
0.89 86 0.65 48 0.45 17 0.76 30 
1.35 153 112 96 0.64 31 0.93 42 
1.63 148 3.51 105 1.18 65 1.20 55 
2.16 98 2.06 83 1.57 67 1.66 56 
2.77 55 2.60 46 2.17 57 2.19 38 
2.53 26 3-16 23 2.59 3° 2.34 28 
3.38 9 2.56 16 
f 3-14 7 
C. Temp.=55°. 
Si0,=2.0%. Si0,=2.5%. SiO, =3.0%. Si0,=3.5%. Si0,=4.0%. 
r—n SN ~~ it Aa 
Pu. é. Pu. t. pu. t. Pu. t. pu. t. 
0.22 18 0.37 21.5 v.19 10 0.40 10 0.30 6 
0.55 50 0.71 47 0.50 21 0.73 17-5 0.64 12 
0.83 89 1.10 75 0.63 28 1.07 32 0.84 2t 
1.10 118 1.64 73 1.00 47 I 47 37 1.27 25 
1.67 113 1.95 60 1.40 52 1.88 31 1.41 25 
2.00 83 2.38 39 1.90 35 2.11 2 1.80 21 
2.53 56 2.91 15 2.37 22 2.74 9 2.13 - 18.5 
2.72 35 3.26 4 277 65 


The time of gelation of sols, shown in Table I c, has been plotted against the corres- 
ponding px and the plots are shown in Fig.1. It appears from the curves that the 
time of gelation of silicic acid sols of a particular silica concentration and at a particular 
temperature is dependent on fu. In sols of px nearly equal to 3, the time of 
gelatiom is very low. As the pa is decreased, the time of gelation increases till it 
is nearly 1.33 and the time of gelation becomes maximum. On further decreasing 
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the pu, the time of gelation decreases and becomes very low at about zero pu. ‘The pu 


corresponding to the maximum time of gelation appears to be independent of silica 
concentration but is very slightly affected by a change of temperature. ‘Thus from curves 
obtained by plotting the time of gelation of silicic acid sols, shown in Table I, 
againsi pu, the pu corresponding to the maximum time of gelation appears to be 1.50 
at 35°, 1.43 at 45° and 1.33 at 55° r_spectively. Curves obtained by plotting the time 
of gelation against p, of silicic acid sols obtained with different acid systems are similar 
to those shown in Fig 1. In all these cases the py corresponding to the maximum time 


Fic. 1 





OF GELATION 


TIME 














0-5 


pim= 


of gelation is independent of the silica concentration of the sol, but it is different for the 
different acids used. Thus at 55°, the pu values corresponding to the maximum time 
of gelation are 1.33, 1-15, 1.83, 2-70, 2.75, 2.30 and 3.43 for hydrochloric, sulphuric, 
phosphoric, tartaric, citric, monochloroacetic and acetic acids, respectively (cf. Fig. 2). 


In each case the sol contains electrolytes. Besides hydrogen and sodium ions, acid 
anions and neutral acid molecules are present in the sol. Phosphoric, tartaric and citric 
acids, although polybasic in character, produce monovalent acid anions as the acids are 
weak and excess of them is always present. The amount of electrolytes present ina 














806 kK. C. SEN AND B. N. GHOSH 


system at a particular py will obviously depend on the silica concentration of the sol. 


The amount of free acid for the same reason will be greater, the lower the strength of 
the acid concerned. It is to be noted that for any system the maximum time of gelation 
is not dependent on the total concentration of the free acid in the sol, but on the pu of 
the sol. This pu is generally greater, the weaker the acid. Silicic acid gel of a particular 
silica concentration is always weaker at this py corresponding to the maximum time of 
gelation. The amount of syneresis that takes place sometime after gclation for any 
system, and for a particular silica concentration, is also greater at this pa corresponding 
to maximum time. Again, for any given silica concentration of the sol, the weaker 
the acid used, the lower is the maximum time of gelation. ‘Thus for any silica con- 
centration, the maximum time of gelation of sols obtained with tartaric or citric acid is 
lower than that of sols obtained with hydrochloric °r sulphuric acid. The correspond- 
ing maximum time of gelation for acetic acid system is again very low compared to that 


of sols for tartaric or citric acid system (cf. Fig. 2). 


FIG. 2 
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Hurd etal. (J. Phys. Chem., 1940, 44, 847) have reported that log ¢ increases 
linearly with py in the pu range —0.5 to + 0.5 and decreases similarly in the pa range 
3.0-5.0. No relation is yet known which is applicable in the entire pu range (0.0-§.0). 
The general features of the curves, shown in Figs. 1-2, simulate the well known Maxwell- 
ian distribution. from the results, bricfly discussed above, the variation of the time of 
gelation with px, temperature and silica concentration remaining constant, may abe, 
represented by the equation, 


t= ke —k’ (pu-wx)2 (pu = x)’ eee eee (1) 


where ¢ is the time of gelation, k aud k’ are constants and x is the px where the time 
of gelation is zero. ‘The value of x is zero for hydrochloric and sulphuric acid systems, 
0.4, 1.30, 1.35 1.10 and 2.0 for phosphoric, tartaric, citric, monochloroacetic and acetic 
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acids respectively. The pu corresponding to the maximum time of gelation is given by 


the relation, 
pu — x = 1/k! ee des sun Cel 
Hence the value of k’ for any acid system is independent of the silica concentration 
of the sol. The value of k, however, is depeadent on the silica concentration of the sol. 
The applicability of equation (1) is illustrated by data in Table II where the calculated 
time of gelation (t’) is compared with the observed time of gelation (1) at 55° of some 
sols obtained with sulphuric acid and tartaric acid systems. ‘The agreement betw-en the 


calculated and observed value, as will appear from the data, is fairly good. 


TABLE II 


Calculated time of gelation (t') and observed lime of gelation (t). 


© 
Temperature = 55 
(a) Sulphuric acid system. (b) Tartaric acid system 

SiO, couc.=3.0%. SiO, conc. == 2.5%. 

k=10.2. k’=0.756. k=114. k'=0.510. 
Pu t t pu t t 
0.33 10,2 hrs 10 hrs, 2.01 3-5 hrs. 3.5 brs. 
0.58 26.6 25 2.35 6.5 7.0 
0.83 11.8 40 2.80 82 9.0 
1.15 19.5 5° 3.12 7°5 7-5 
1.50 11.9 45 3.38 6.1 5.0 
1.72 32-5 34 
195 2U.7 25 
2.14 14.7 19 
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STUDIES ON THE GELATION OF SILICIC ACID SOLS. PART II. 
EFFECT OF TEMPERATURE AND SILICA CONCENTRATION 
ON THE TIME OF GELATION 


By K. C. SEN AND B. N. GuHosH 


The effect of temperature and silica concentration on the time of gelation has been discussed. 
Assuming that the time of gelation, t, of silicic acid sols is inversely proportional to the velocity constant 
of the gelation process, Arrhenius’ equation has been applied to evaluate the activation energy EF. 
E for sols obtained with hydrochloric acid is found to be somewhat lower in the lower pu range which 
may account for the slight decrease in the pu corresponding to the maximum time of gelation at higher 
temperatures. For sols of any particular acid system containing the same concentration of electrol) tes, 
the time of gelation at a particular temperature and pu is inversely proportional to the square of the 
silica concentration of the sol, An empirical equation has been suggested to correlate the time of gela- 
tion with fra and silica concentration for different acid systems 


Although many workers noticed the rise of temperature hastening gelation of 
silicic acid sols, they failed to find any relation between the time of gelation and tem- 
perature. Considering gelation asa chemical reaction, Hurd and co-workers ‘J. Phys. 
Chem., 1938, 42, 85; 10932, 36, 2194) have calculated the energy of activation of the 
process. In general, the greater the concentration of silica, the lower is the time of 
gelation. Hurd and Scheffer (ibid., 1941, 45, 598) have shown that in the case of the 
silicic acid sols obtained from sodium silicate and acetic acid, the time of gelation in 
the fu range 4.8 to 6.5, appears to be inversely proportional to the square of the silica 
concentration. 


EXPERIMENTAL 
Effect of Temperature on the Time of Gelation 


At constant silica concentration and pu, the effect of temperature on the time of 
gelation of silicic acid sols, obtained with hydrochloric acid system, will be clear from 
the data recorded in Table I (vide Table I, Part I, this issue p. 8o), 


_ TasLe I 


Time of gelation, t (hrs.) 


(a) Temperature =35°. (b) Temperature=45°. (c) Temperature=55°. 
Si0g concentration SiO, concentration. SiO, concentration. 


Pu. 2.5%. 3.0%. 3-5%. 4.0%. 25%. 3.0%. 305%. 4.0%. 2.0%. 25% 3.0%. 3.5%. 4.0%, 


0 50 82 51 35 26 47 35 20 16 45 28 21 12 8.5 
1.00 209 160 110 82 115 83 56.5 46 110 68 47 30 23.5 
1.50 292 212 149 114 156 107.5 71 58 121 77 5° 37 245 
200 240 162 128 99 115 88.5 63 45-5 88 57 33 27.5 18.5 
250 147 94 72 5! 71.5 st 35 20 5! 32-5 19 14 10.5 
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It will be noticed from the data that with the rise of temperature the time of gela- 
tion decreases. For a r1o° rise the time of gelation is reduced approximately to one 
half of its previous value. This means that the velocity constaut in the gelation process 
is approximately “doubled for a 10° rise at ordinary temperatures. Since in most re- 
actions the temperature effect is of the same order, the gelation process appears as 
analoguous to a chemical reaction. From the temperature coefficient of the velocity 
constant of a reaction, the activation energy of the process can be calculated by apply- 
ing the Arrhenius equation e.g., 

dink _ E 


aT = RT? eos eee (1x) 


where E is the energy of activation and k, the velocity constant of the reaction. 
Assuming that the velocity constant of the gelation process is inversely proportional to 
the time of gelation, t, and putting k = K/t, where K is a constant, the Arrhenius 
equation becomes 





dint_ —E 
dT aa 
or log t = a BF + const. a i 


From the linear plot of log ¢ against 1/T, shown in Fig. 1, E has been obtained for 
different concentrations of silica at px 10. The energy of activation appears to be 
independent of the silica concentration of the sol but is slightly different at different pu. 
Thus, the mean activation energiesat pa’s 0.5, 1.0, 1.5, 2.0 and 2.5 are found to be 
10,180 cals., 11,490 cals., 14,300 cals. and 15,050 cals. respectively. Hurd et al. (loc. cit.) 
calculated E from their data to be 11,000 cals. in the pu range —0.5 to +0.5 and about 
17,700 cals. in the pa range 3.0 to 5.0. It is evident from the results that the activation 
energy for the pu range 0.3 to 2.5 increases slightly with increasing px. ‘This possibility 
explains why the pu corresponding to the maximum time of gelation is very slightly 
lowered by raising the temperature (cf. Part I, loc. cit.). 


The strength of the ultimate gel appears from qualitative tests to be dependent on 
temperatures. In general, the higher the temperature, the greater is the strength of 
the gel. It is further noticed that the degree of syneresis is greater, the higher the 
temperature. 


Effect of Silica Concentration on the Time of Gelation 


In the case of silicic acid sols obtained from sodium silicate and acetic acid in the 
bu range 4.8 to 6.5, Hurd and Scheffer (loc. cit.) have shown that at a constant tem- 
perature and px, the time of gelation, #t, is inversely proportional to the square of the 
silica concentration, c, that is, 


bees at yas 


orc Vt= const. 
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The above relation has been found to hold good in the case of silicic acid gels 
obtained from sodium silicate and hydrochloric acid at different temperatures. Equa- 
tion (3) suggests that if Yt be plotted against 1/c, straight lines should. be obtained. 
Curves given in Fig. 2 are obtained at 55° at fu’s 0.5, 1.0, £.5, 2.0 and 2.5 res- 
pectively. Some of the data illustrating the constancy in the value of cVt is given 
in Table IT 

Fic. 1 Fic. 2 
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TABLE II 


Value of cyt. 
Temperature= 55°. 


(ii) Pa = 1.0. (iii) 
t. cvt. 


20.97 14.29 


68 20.62 . 14.25 
47 20.10 13.08 


30 19.17 13.10 


8.5 23.5 19.44 . 19.89 12.96 


It appears from the experimental data that the sulphuric acid system behaves in 


a similar manner. This is, however, not so with other acid systems studied so far; the 


variation in the value of cVt is greater, the weaker the acid. Moreover, c¥it decreases 


with the increasing silica concentration of the sol. ‘This is illustrated by the data 
recorded in Table II1, derived from curves of the phosphoric acid system obtained by 


plotting the time of gelation against px. 
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TABLE III 
Value of cv t. 
Temperature = 55°. 


(i) Pu = 1.67. (ii) pa = 2.00. 


t, cvt. c Vi. * t. cvt. cvt.* 
60.5hr. 15.55 12.61 
31.2 13.98 12.63 

18.2 12.80 


13.0 12.42 


In the case of the weak acid systems relatively large quantities of electrolytes, 
specially neutral acid molecules, are present at a particular p, in sols of higher silica 
concentration, and if it is remembered that the neutral acid molecules catalyse the gela- 
tion process, the value of cvVt is expected to be somewhat lower at higher silica con- 
centrations. In order to eliminate the effect of concentrations of electrolytes on the 
value of cv t, the experiments with phosphoric, tartaric and citric acid systems have 


been done by the addition of the requisite quantities of electrolytes such that their final 


concentrations are the same in the different sols of a particular acid system. cv t 


becomes now constant as soon as the concentration of electrolytes is adjusied to the 


same value. The value of c¥t*in Table III illustrates the applicability of equation 


(4) in phosphoric acid sois containing the same electrolyte concentration. A comparison 


of the value of cyt and cv t * in the table also unequivocally shows the catalytic 
effect of neutral acid molecules towards gelation of silicic acid sols. 
From equation (1) in Part I and equation (3) one gets 


—k’ (pa — x)? 
p= Ka (ba — x)? 


1 
c? 


where K, = kc® = constant 


By means of equation (5) it is possible to account for the variation in the time of 
gelation with pu and silica concentration in the different systems. The applicability of 
equation (5) is il!ustrated in Table 1V in which the calculated time of gelation (t’) is 
compared with the observed time of gelation (1). The agreement between the two values 
is fairly good. 


2—1851P—11 
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TABLE IV 


Calculated time of gelation (t’) and observed time of gelation (t). 


Temperature = 55°. 


(a) Sulphuric acid system (b) Citric acid system. 
K, = 873. k’ = 0.756. x = o. K, * 59.8. k’ = 0 510. % = 1 35. 
SiO, conc. = 3.5%. SiO, conc. = 2.0%. 

pu. e. t. pu. $". t. 
0.67 22.8 hr. a1 hr. 2.11 5.4 hr. 5 hr. 
1.11 34.6 34 2.42 8.9 8 
1.42 31.3 31 2.7 10.7 11.5 
2.14 14.4 14 3.23 9-3 8 
2.56 3-3 6 3-63 4.6 3-3 
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TEMPERATURE VARIATION OF SURFACE TENSION 


By SHASHANKA SHEKHAR MITRA AND SURENDRA NATH SRIVASTAVA 


The temperature variation in surface tension has been explained in terms of an activation energy 
for viscosity on semi-empirical grounds. ‘The formulae, thus developed, are applicable to associated as 
well as non-asscciated liquids. 


The surface tension of liquids decreases linearly with temperature over small 
temperature ranges. For the exact dependence of the quantity on temperature, several 
formulae have been put forward. 

E6tvés (Wied. Ann., 1886, 27, 443) suggested a relation between surface tension, 
molecular weight, density and temperature of a liquid, which was later modificd 
by Ramsay and Shields (Z. physikal. Chem., 1893, 12, 433) by introducing a correction 


term. Van der Waals gave 
’ T \3 
S=A ( -— \ 
I T, 


where S is the surface tension at T°K, T, is the critical temperature and A isa 
constant, Ferguson (Trans. Faraday Soc., 1923, 19, 408) has modified it to 


Tt n 
sale gE) 
it 


where n varies for different liquids, but is in the neighbourhood of 1.21. ‘This relation 
is more accurate than that due to Van der Waals and is fairly applicable over a consider- 
able range. But it fails when applied to associated liquids like water and alcohols and 


” 


T ) changing it to 
Tc 


2 3 
“aE ale EJ eB) 
S A(x , B(:-7)+c(:-+). 


In fact, surface tension is supposed to be duc to the attractive force exerted on the 
surface molecules by the molecules inside the volume of a liquid. This force isa 
function of the distance between the molecules on the surface and those inside the bulk 
(actually it is inversely proportional to some power of the distance). And ccnsidering 
the viscosity (y) to be proportional to the reciprocal of the free volume, it was shown by 
Mukherjee (this Journal, 1951, 28, 363; 1953, 30, 670) that 

S = K »" oth. Gy) 
Kand n being constants. This equation was given previously by Newton Friend 
(Nature, 1943, 180, 432) on empirical grounds. 


is to be supplemented by a number of power terms in (:— 
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Now, Andrade (Phil. Mag., 1934, 17, 497, 698) comsiders a liquid to be consisting 
of molecules, which are vibrating under the influence of local forces, about cquilibrium 
positions. They are slowly displaced with time instead of being fixed as in the case 
of a solid. According to him, the liquid state is much closer to the solid state than 
the gaseous one. Considering the transfer of molecular momentum parallel to the 
drift and vibrations of the molecules and using Boltzmann's distribution formula, he 
comes to an equation which can be reduced to the form 


B 
log » = At 7 ion _, 

which is Reynold’s equation ( Phil, Trans., 1886, 177, 157). Also formula (1) can be 
writien as 

n log » = log S—iog K ii oe | 
Eliminating log 7 between (2) and (1’) we get 

log S = D+ - nasi (3) 
where D and E are constants. If S, be the surfave tension at any temperature 7T,, then 
we have 


con mm 


log S = log S,—C (: - of 


If the variation of surface tensiun follows (3), then C must be constant. C is given by 
¢ = Tllog S,—log S) 
T-T, 


But actually C-does not come out to be constant with temperature but gradually increases 
with T, as evidenced from Tuble J], which shows the case for water (273°K has been 


used for T,). 


TABLE I 
Water. 

S (c gs). cs Kx107, LX1W?, - S(egs.). s K x r0?, L x 107. 
273°K 75.04 “ see oe 333(°K) 66.18 0 3218 24.63 58.16 
283 74-22 ©.2320 24.63 58.42 343 64.42 0.3415 24 68 58.13 
293 72-75 0.2477 24.65 58.19 353 62.61 0.3618 24.58 48.01 
303 71.18 0.2657 24.57 57.98 363 60.75 0 3836 24.65 58.20 
313 69 56 0.2840 24.62 38.12 373 58.85 0.4062 24.71 58.32 


323 67.91 © 3016 24.63 §8.15 


Hence, C can be represented by some function of temperature : 
C = f(T) = Se ooh. Ag) 


When C and T are plotted on a logarithmic graph, a straight line is obtained. Therefore 
(5) can be written as 


C=KT i ee we» . (5a) 
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K and n being constants. It has bcen found that C may also be represented as 


C = L (log T)" ove eee .. (5b) 


L and m being two other constants. 
The equaticn (4) accordingly becomes ‘Mitia and Srivastava, J, Chem. Pys., 1954, 22, 


, 


1134) , 
log S = log S, - K m( she oe «> (4a) 
also log S = log S, — 1. “log TI" (1 ——/2 ns age 


These two formulae, when applied to both associatcd and non-associatcd 
liquids, give good agreement between calculated and observed values of S. Tables II and 
III, show their applicability to different types of liquids like water, ethyl alcohol, benzene 
and carbon disulphide. In these case again T, has been taken to be 273°K. 


TABLE II 


2 2 : : ‘os 
: 2 ~ : * Sadist 
T. Z 3 = 7 3 g 3 3 g 
” ” ” ” ” n n n n 
A. water. B, Ethy! alcohol. C. Benzene. 
273°K —s75 64 ieee «teh nobeote wa os aera ee enighei © iste 
«83° 74-22 74 22 74.22 23.14 23.14 23.15 30.22 30.22 30.23 
293 72-75 72-74 72.74 22.27 22.26 22 28 28 88 28 88 28.89 
303° 71.18 71:18 71 19 21 43 21.41 21.43 27 56 27.55 27.56 
313° 69.56 69.57 69.57 20.F9 20.59 <0.60 26.26 26.26 26.25 
323° 67.91 67 go 67.89 19.80 19.76 19.79 24.98 24 97 24.97 
333° 66.18 66.19 66.19 19.01 19.01 19.00 23.72 23.70 23.72 
343° 64 42 64.44 64.42 18.22 18.25 18.23 22.48 22 47 22.49 
353° 62.61 62.59 62.59 21.26 21.27 21 29 
363° 60 75 60.76 60.76 
373° 5885 58.89 58.89 
Tasie III 
Carbon disulphide. 
Z. S (obs.). S (cale., 4a). S ‘calc., 4b). 
273° K ae. UE ome OU CO aie 
283° 33.81 33-81 33-81 
293° * 32.33 32.32 32.33 
318° 28.66 28.64 28 64 
333° 26.45 26.46 26.46 





Table IV records the value of the constants for some twenty liquids. 
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TABLE IV 

Liquids. n K X 10° m. Lx 105, vw. 
Water 2 028 0.2464 11.80 o 5815 273°K 
Eithy! alcohol 1.126 8212 7-112 78 89 273° 
Benzene 1.532 9.44 8.861 19 C1 273° 
Carbon disulphide 1.734 2 941 19.03 A 493 273° 
Phenol 1 656 2 638 9.891 4.192 273° 
Bromcbenzene 1 631 4.519 9.601 6 823 283° 
Iodobenzene 1.699 2 242 10.02 4 178 293 
n-Hexane 2 O10 0.7980 11.47 2.1468 273 
n-Octane 1.648 4.786 9 432 I¥.19 273° 
2 :5-Dimethylhexane 1 821 2.163 10.72 3.681 273° 
Ethyl! formate 2.267 0.236¢ 13.28 0.3846 273° 
Methy! propionate 2 O41 0.7015 12.34 0.8511 283° 
Propy! formate 1.833 2.065 10 61 3.809 273° 
Ethy! propionate 1.734 2.056 10.03 6.839 278° 
n-Propyl acetate 1.685 3.648 9 750 8.570 273° 
Chloroform 1 916 1.167 11.04 2.917 283° 
Acetone 1.972 0.7447 11 28 2.430 273° 
Ethyl! ether 2.926 0.00309 17.22 0.0138 293° 
isoAmy] alcohol 1.653 0.4395 9.568 6.879 273° 
Ammonia 2.215 0.4603 12.73 I 371 284.1 


It is a well known fact that the surface tension tends to vanish in the critical region 


Newton Friend's relation (1’) becomes indeterminate. 
also to be faced with the equations (4a) aud (4b). 
exact critical temperature log S #-co but of course as T —> cc, S —> 0 since n> 1. For 
temperatures nearer to the critical point (but not equal to it) S calculated from (4a) and 
(4b) is very small as demanded by experimental results, though the observed values are 
very uncertain in this region. 


because the interface between liquid and vapour disappears here 


Thus, in this region 
The same inherent difficulty is 
According to these relations, at the 


Sincere thanks of the authors are due to Dr. K. Majumdar, Dr. S. Ghosh end Shri 


Y. P. Varshni for valuable discussions and the kind interest they have taken during the 
investigation. 
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ADSORPTION OF SODIUM LAURATE AT XYLENE-WATER INTERFACE 
AND THE APPLICABILITY OF GIBBS’ ADSORPTION ISOTHERM 


By B. N. Guosn anp S. C. RAKsHIT 

Gibbs’ simplified relation, 
ee a 

RT Oc 
has been tested using xylene-water interfaces containing different concentrations of (1) sodium laurate 
only and (2) a mixture of sodium laurate and sodium hydroxide. It has been observed that the 
agreement between I'(,bs) and [(:heo) is good when the concentration of the soap solution is below the 
critical micelle concentration. Above the C. M.C. range, the difference between T(obs) and [I(theo) 
increases. However, if an ideal value of I(thes) corresponding to the formation of a complete 


unimolecular interfacial layer be used, then the discrepancies observed at concentrations above the 
C. M. C. range vanish. 


Of the various possible types of interface, Gibbs’ equation has mainly been tested 
at liquid/gas and liquid/liquid interfaces. Apart from the experiments of Lewis (Phil. 
Mag., 1908, 18, 499; Z. physikal. Chem., 1910, 73, 129) and Donnan and Barker (Proc. 
Roy. Soc., 1911, 85A, 557), the direct tests of Gibbs’ equation having quantitative 
significance are those of McBain and Davies ‘J. Amer. Chem. Soc., 1927, 49, 2230), 
McBain and Du Bois (ibid., 1929, 51, 3534) and Harkins and Gans (Colloid Symp. 
Monograph, 1927, Vol. V, p. 10). Although the early experiments of McBain et al. (loc. 
















Fic. 1 

“r 

35 
+ 30 
% 
3 
2 os O's /.7. OF XYLENE AGAINST AQUEOUS 
8 Na-LAURATE SOLUTIONS 
= O=/T. OF XYLENE AGAINST AQUEOUS 
3 20k SOLUTIONS OF 0:004(N) NaOH & Na-LAURATE, 
o 
z 
w 
¥ T 
1S) 
= 
c 
© wr 
= 

r?) i i i i j 

0 0-2 0-4 06 08 10 


% CONC. OF SOAP SOL“ —= 


818 B. N. GHOSH AND 8. C. RAKSHIT 


cit.) pointed to the inadequacy of the Gibbs equation, their later investigations (J. Phys. 
Chem., 1932, 36, 300; Proc. Roy. Soc., 1940, 174A, 2386), involving the use of microtome 
blade, established the general validity of the equation. 


Difficulties are nevertheless experienced when the equation is applied to an interface 
formed by a detergent solution and another immiscible iiquid or an insoluble gas. 
The curves obtained by plotting interfacial tension, y, of a detergent solution against the 
concentration, c, of the solute generally show a continuous decrease of y with increasing 
c until, at last, itecomes horizontal, indicating independence of y with respect toc. In 
some extreme cases, the curve may even pass through a minimum and then run parallel 
to the concentration axis. In any case, since dy/Oc = o for any point corresponding to 
the horizontal part, Gibbs’ equation would apparently predict a zero adsorption at the 
interface. Contrary to this apparent theoretical conclusion, however, strong positive 
adsorption is found by very sensitive experimental devices such as the interferormetric 
or the microtome blade technique. In a previous paper (Neogi and Ghosh, this Journal, 
1953, 39, 113) it has been shown that in emulsions of xylene in water, the interfacial 
layer becomes complete and unimolecular when the soap concentration is 0.4% or 
above. Lewis first pointed out that the formation of a new phase of adsorbed layer 
might not justify putting Oy/Oc =o for the horizontal portion of y vs ¢ curve. 
Subsequent authors do not agree on this point (Long and Nutting, J. Amer. Chem. Soc., 
1941, 68, 625; Trans. Faraday Soc., 1942, 38, 248). Alexander attributes this anomaly 
to the presence of micelles at concentrations of soap solutions corresponding to the 
horizontal portion of the curve and suggests that to obitin adsorption value at the 
interface by applying Gibbs’ equation, it is necessary to plot surface or interfacial 
tension against the concentration of single soap molecules and not against the total 
stoichiometric concentration, as is usually done. 

In the present investigations, we worked with iuterfaces of xylene and aqueous 
solutions of (i) sodium laurate and (ii) sodium laurate mixed with sodium hydroxide. 


The amount of surface excess has beer determined experimentally and compared 
with its value calculated from the Gibbs equation. 


ExPERIMENTAL 


Experimental detemination of U'.—20% Emulsions of xylene-water in presence of 
different concentrations of sodium laurate were prepared and allowed to cream ina 
separating funnel. After creaming to the fullest possible extent (extending over a period 
of five days), the aqueous part containing sodium laurate was separated and analysed 
for the latter. ‘The total interfacial area was calculated from a knowledge of the volume 
of xylene used and the average value of the radius of the emulsion globules. The latter 
was, in each case, determined from the photomicrographie records of 1500 to 2000 
emulsion droplets. A survey of the actual data on the size- distribution shows that in 
all the cases studied, the maximum number of globules has a radius lying between 
3 and 5u and the distribution curve is Maxwellian in form. We, however, have calculat- 


ed the average radius 7 from the formula 
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where N,, N,, .-- Na represent the number of globules having radii 1,, 1... mm respec- 
tively. The values found in this way ranged between 5.3 and 6.4» in different cases. 

Thus knowing W, the amount of sodium laurate ‘adsorbed at the interface and S, 
the total interfacial area, W/S or I'(cts) was estimated. 

To calculate [(theo) from the Gibbs equation, the experimental part involves the 
evaluation of Oy/Sc. This was done by determining the interfacial tension between 
xylene and sodium laurate solution at different concentrations of the soap. The data 
have been plotted in Fig. 1, and shown in Table III. The plot of y against c was 
utilised in finding the value of 3y/Sc for the point concerned. An identical procedure 
was employed for the experiments involving interface of xylene and aqueous solution 
of a mixture of sodium laurate and sodium hydroxide. The application of Gibbs’ simpli- 









fied relation, 





T = — C oy 
RT Oc 










to the binary systems, investigated by us, involves the following assumptions : 
(1) In the first instance the hydrolysis of sodium laurate molecules in the solution 







has been neglected. 
(2) In the second instance (where NaOH is present in addition to Na-laurate), the 
small negative adsorption of NaOH, I'\x.om) at the interface is neglected. 







TABLE I 






Observed and theoretical surface excess. 
(Xylene/sodium laurate solution interface). 

















Equilb. Average 3 Interfacial Wt. of rx to (g./em 2). r 
Sine Y s -3 . (ubs) 
conc. cf radius of —- areax1o™3. soap ad- 
soap. globules. bc sorbed x 1:3. Obs. Theo. P (theo). 
~~ 

0.380% 6 40 — 41.67 61.45 cm". 11.21 g. 1 824 1.400 1.30 1.30 
o 486 6.385 —29 41 64.85 7.64 1,178 1.265 0.93 0.93 
9.580 5.85 92 26 13 24 I 435 I 265 * 1.14 2.24 
0.731 5.91 68.01 9-69 I 422 1.265 * 1.12 2.57 


0.978 5-75 72.73 11.99 1.649 1.265 * 1.30 3.05 








It will be noticed that there are two columns in the above table showing 
TYobs) /T'¢theoy values. The values indicated in column 9g are those in which the I” (theo) 
has been found from the corresponding value of 5y/85c obtained from the curve (lower 
curve, Fig. 1). It has been shown in a previous paper (loc. cit.) that the interfacial layer 
becomes complete and unimolecular at 0.4% to 0.5% soap concentrations and above. 
We may therefore use I(ne.) value corresponding to an equilibrium concentration 
0.486% ‘vide Table I) as the ideal value for the higher concentrations of soap solutions, 
The use of this Ives) value marked with asterisk (1.265 g./sq.cm.) for higher concen- 
values which are recorded in column 8 
















trations of soap solutions leads to (obs) /T'(tneo) 
of Table I. 
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TABLE II 


Observed and theoretical surface exzess. 
(Xylene/aq. solution of sodium lautate and 0.004M-NaOBH). 





Equilb. Average By Interfacial Wt of soap x ro! (g./em? ). ian, 

cone of radius of —— area X 1073, adsorbed Obs, Theo - 
soap. globules. 8c x 103, F(theo) 
0.380% 6 20m — 48.07 60.00cem? 11.31 g. 1.885 1.614 117 
¢ 483 6.23 — 48.07 103.5 14.89 1.439 2.1952 0.701 
0.582 6.02 59 89 11.60 1.936 2.052 * 0 94 
0 728 6.10 70.42 72.54 1.780 2.052 * 0.87 
0.98) 5.33 69.34 11.77 1.700 2.052 * 0 83 


It is also evident from Fig. 1 (upper curve) that the adsorbed layer is complete at 
C=0.5%. Hence the [(inec) value marked with asterisk in Table II at c = 0.483 % has 
been put equal to T° (neo) at higher concentrations of soap solutions. It should be noted 
that the values of interfacial tension at low concentrations (below 0.6 %) of the soap 
solutions (upper curve, Fig. 1) lie practically on a straight line. One can therefore 
consider Sy/Sc steady in this region and the value of dy/dc = —48.07 in Table II 
has been thus obtained from the slope of the line drawn through the initial points in 
the upper curve. 

In Table III, the actual values of the interfacial tension, measured at different soap 


concentrations, are recorded. 


TABLE III 


Interfacial tension between Interfacial tension between xvlene and Na 
xylene ani Na-laurate soln. laurate soln. containing 0.cog M-NaOH. 
Conc. of soap soln. . Conc. of soap soln. 5. F. 
0% 35-9 dynes/cem. 0% 37 5 dynes/cm. 
0.1 27.6 0.1 32.0 
0.25 19.97 0.2 28.2 
04 13.58 03 22 62 
0.5 11.11 0.4 17 72 
1.0 6.645 O5 14 46 
0.75 14.20 
10 13.36 
DirscuSsSION 


It wili be noticed from the data in Table I, that the agreement between I(ons) and 
I\tneo) is fair for the equilibrium concentrations 0.38% and 0.486% of Na-laurate solu- 
tions. However, discrepancies of gradually increasing magnitude appear at higher 
concentrations if the actual values of Oy/dc be employed (column 9, Table I). The 
critical mivelle concentration (C. M. C.) range of aqueous Na-laurate solution is 0.45%- 
0.6% ‘Goette, J. Coll. Sci., 1949, 459). Hence at concentrations where micelles are 
nil (0.4%) or are just beginning to be formed, the observed interfacial adsorption is in 
conformity with the expected order and magnitude. At higher concentrations of the 
























































ADEORPTION OF SODIUM LAURATE AT XYLENE-W\ATER INTERFACE $21 





soap solution, where micelles are already formed and increasing in percentage, differences 
between I',.)3) and L'(theo) arise and increase. If, however, an idealised value of L° (theo) 

corresponding to a complcted unimolecular film be used for higher soap concentrations 
also, differences are almost wiped out. 

Similarly, in the second case, where free alkali is also present, a good agreement 
between I"\theo) and I" (ors) is noticed at concentrations below the C. M. C. of aqueous 
solution of Na-laurate and 0.004 M-NaOH. At concentrations higher than this, dis- 
crepancies are manifest. For, at concentrations higher than 0.5 %-0.6%, Sy/dc=o 
(Fig. 1, upper curve), and hence, ['(theo) would be zero, thus making the ratio of 
I (obs)/L'(theoy) equal to infinity. If, however, an ideal I (nes) value corresponding to 
a completed unimolecular film be used for concentraticns where micelles are already 
present, the ratio of (obs /I(tneo) approaches the value of unity ‘vide Tab!e IT). 

The present data therefore seem to corroborate Alexander’s view (loc. cit.) that the 
departure of observed I'(o1,) from the theoretical value in case of colloidal electrolytes is 
due to the formation of micelles. 

As a further confirmatory evidence, we may cite McBain and Wood's investigations 
on lauryl sulphonic acid at air/water interface. Ata concentration below the C. M. C. 
of lauryl sulphonic acid J"(ohs) was determined to be 3.0 10°*® moles/cm?. corresponding 
to the theoretical value of 2.7 107'*® moles/cm*. But at higher concentrations, where 
micelles were already formed, 1’ (ors) and 1° (theo) were found to differ enormously. 
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STUDIES ON THE PHYSICAL BEHAVIOUR OF METALLIC FERRU- 
AND FERRICYANIDE SOLS IN PRESENCE OF ELECTROLYTES. 
PART III. CHANGES IN THE (¢-POTENTIAL OF COPPER 
FERROCYANIDE BY GRADUAL ADDITION OF 
ELECTROLYTES 


By WaAnHrIp U. MALIK AND ABANI K. BHATTACHARYA 


¢-Potential variations of copper ferrocyanide sol in presence of electrolytes have been studied by 
measuring the cataphoretic velocity of particles according to Burton's method. It has been observed 
that fall in potential takes place by adding electrolytes to copper ferrocyonide, and lesser concen-tra 
tions of higher valency precipitating ions are required for the same fall of the ¢potential. This observa- 
tion has been explained as being due to the reducticn in the thickness of the double layer by th 
addition of electrolytes. The abnormal behaviour of Th‘* lends support to the view that aggregate of 
the particles increases the ¢-potential depending on the manner of entrainment of negative ions. It 
may be due to surface reactions in the double layer The increase in the H* ion concentration with? 
decrease in (¢-potential has been explained on the basis of the exisiinug theory cf exchange of counter 
ions by precipitating electrolytes. 


Powis (Z. physikal. Chem., 1914, 89, 145) and Gallechi (ibid., 1914, 89, 91) observe 
that (-potential is a very important criterion of the stability of disperse systems, those 
having greater stability possess a higher value of (-potential. The (—C curves studied 
so far are far from being simple, and the dependence of electrokinetic phenomenon upon 
the concentration and the nature of the electrolytes is very complicated. The theory 
of double layer (Helinholtz, Pogg. Ann., 1853, 89, 211; Gouy, J. chim. phys., 1910, 
9, 475) has served as the postulate to explain the changes in potential brought about by 
adding electroly‘es toa sol. 

The (-potentials of various suspensions in pure water such as lycopodium and 
arsenious suiphide- sols were at first investigated (Quinke, Pogg. Amnn., 1861, 
113, 513; Picton and Linder, J. Chem. Soc., 1892, 61, 161). Later on the ¢-poientials 
of quartz, Prussian blue, gold, platinum, {ferric oxide, silver, bismuth, lead and iron 
sols wete studied (Whitney and Blake, J. Amer. Chem. Soc., 1904, 26, 1339; Cotton 
and Mouton, J. chim. phys., 1906, 4, 368; Burton, Z. physikal. Chem., 1912, 18, 321). 

Kruyt (Kolloid Z., 1918, 22, 81) and Freundlich and Rona (Sitz. Preuss. Akad. Wiss., 
1922, 20, 397) from their studics on streaming potential with glass capillaries and the 


cataphoresis of oil drops in aqueous solutions observed that ¢-potential generally increased 


-at first with increasing electrolytic concentration of univalent inorganic cations to a 
maximum and then decreased. But by adding increasing aniounts of cations of higher 
valencies, more purticularly Al** and Th**, the ¢-potential, on the contrary, decreased 
to a minimum, followed by a tendency to rise on further addition of the electrolyte. 

Extensive work has been done on the cataphoretic velocity of lyophobic sols in 
presence of electrolyies to derive useful conclusions regarding the essential characteris- 
tics of the double layer and variations in (-pvtential -as related to the stability of the 
system (lvanitzkege, Kolloid Z., to26, 39, 15; Kruyt and Briggs, Proc, K. Akad’ 
Wetensch., 1929, 82, 372). 
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Mukherjee and coworkers carried out elaborate investigations on the effect of 
aggregation on the cataphoretic velocity of colloidal particles and gathered strong 
evidences on the basis of their ovservations that it was not possible to postulate the 
existence of critical potential either for a given colloidal solution and different electrolytes 
or for a given electrolyte end colloidal solution of th© same substance obtained in different 
ways (this Journal, 1925, 2, 296; 1927, 4, 493 ; 1928, 5, 607, 735; 1031, 8, 3733 1033, 
10, 27, 405, 713; 1936, 18, 4283 Koll.-Chem. Beih., 1936, 48, 417; Ghosh, J. Chem. Soc., 
1929, 2693). They further observed that a decrease in dielectric constant alone would 
not account for the anomalous variations of critical (-potentials, and suggested that the 
anomaly was partly due to the stabilising action of the adsorbed ions which opposed 
the precipitating action of oppositely charged ions. B.N. Ghosh and co-workers (this 
Journal, 1951, 28, 1) however, observed that for the same rate of setting, the electro- 
kinetic potential oi colloidal V.O,; fell almost in the same range for different electrolytes. 
‘This was also observed in the case of Cr{OH), sol, and hence, he concluded that zones 
of critical potential did exist for coagulation. 

Overbeek (Natuur. Tijds., 1936, 18, 55; Koll.-Chem,. Beih., 1943, 54, 287) elaborated 
in kis survey the various factors which influenced the dielectric constant of colloidal 
systems in water, and developed his theory of electrophoresis on the basis of relaxation 
effect. He considered the effect of (i) the impressed electric field on the colloidal parti- 
cles, (ii) the retardation caused by the opposing motions of the particles and its surround- 
ing ion layer, (iti) the viscosity of the medium and (iv) the dipole effect due to the dis- 


placement of the centre of gravity of the ion layer from the colloidal particle. Yet the 
fact remains that it is difficult to explain the variation of the dielectric constaut, and 
hence, the characteristic (-potential in all systems by any simple theory to agree with the 
ovservations made by prominent workers in this field. 

In the light of the above views given by eminent authors on the cataphoretic velo- 


cities and (-potential, the following generalisations may be deduced : 

(1) Decrease in the potential is caused by the reduction of e or dor both according 
to the expression 

47 ed 
ot A 

where e is the charge, d is the thickness of the double layer, and D is the dielectric 
constant, 

(2) Increase or decrease in potential by adding the electrolyte depends upon the 
adsorption of the constituent ions. 

(3) The tendency of charge reversal develops when the oppositely charged ions are 
very strongly adsorbed by the colloidal jarticle. 

(4) The conception of the existence of critical potential cannot be universally 
applied to all systems. 

(5) The dipole effect may play an important role in cataphoresis. 


The metallic ferro- and ferricyanides form an interesting system for the study of 
§-potential in presence of electrolytes, but little work on them appears to have been done 
so far. In this paper our observations on the variations of (-potential of copper ferrocya- 
nide sol have been discussed. 
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EXPERIMENTAL 


The method'described in previous parts of this series (this Journal, 1954, 31, 755, 
759) for the preparation of copper ferrocyanide sol was followed. Solutions of potassiuin 
chloride, barium chloride, aluminium chloride and thorium nitrate were prepared in con- 
ductivity water in order to observe the effect of the added electrolytes on the (-potential 
of the sol. 

The methods employed to determine the cataphoretic velocity of colloidal particles 
had been critically examined by previous workers in the light of the changes that took 
place in the system due to the migration of the particles in an electric field. J. N. 
Mukherjee and his school suggested an improved method to determine the cataphoretic 
velocity of particles in presence of increasing concentrations of electrolytes added to the 
sol (Proc. Roy. Soc., 1923, 108A, 102; Nature, 1922, 110, 732; Ghosh and Roy, this 
Journai, 1939, 16, 63). But for moderate accuracy of measurements Burton's method 
has also been recommended (Freundlich ‘‘Colloid and Capillary Chemistry’’, 1926, p. 262). 
Hence with a view to studying the relative variations of (-potential in presence of different 
electrolytes added to Cu.FeCy, sol, the moving boundary method, as recommended by 
Burton ‘loc. cit.), was considered adequate for the purpose of our investigations, The 
following procedure was employed. ' 

The pure solvent was first introduced in the U-tube and then the colloidal solution to 
form a boundary layer. Current at 110 volts was maintained by means of a transformer 
and rectifier. Mean of the displacetnents in the two limbs was determined by current 
revesal as recommended (Burton, “‘Coiloidal Solutions’, 1948, 3rd Ed., p. 173). A sol 
of strength 2.315 g./litre was throughout used in these"investigations. 

For carrying out the measurements with the sol + electrolyte, 100 c.c. of the colloi- 
dal solution was taken in a conical flask and the requisite amount of the electrolyte was 
added. The total volume in each case was made up to 110 c.c. The H* ion concentration 
of the sol was measured by the method described in Part II of this series ‘loc.cit.). 
The same proportions of electrolyte and sol, as used for potential measurements, were 
maintained for measurements of H* ion concentration. ‘The resultson the changes in 
¢-potential and H* ion concentrations are tabulated in the following table. 


TABLE I 


M/2 -HCt. Potential x 103. [H*] x 107. M/z5-BaCin. Potential x 104 [H*1 x 107, 
0.0 ¢.c, °2.76 mv 10.95 0.0 CC. 22.76 mv 19.95 
1.0 20.61 20.00 045 20 74 29.50 
1.5 19.82 20.10 1.0 19.70 33-15 
2.0 18.51 20.18 1.5 18.72 37.30 
30 17.78 20.38 2.0 17.80 41.55 

M/ & AICI. M/ 100-Th ( NO 3 I 
0.0 22.76 19.95 0.0 22.76 19.95 
0.4 20.84 41.50 0.4 18 60 58.25 
0.8 18.13 46.78 0.7 18.82 86.95 
1.2 17.91 79.60 1.0 20.81 125.84 


1.3 21.70 151.50 
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DISECUSSION 


From our study on the variation in potential of copper ferrocyanide sol in presence 
of gradually increasing concentrations of electrolytes, it is interesting to observe that the 
zeta-potential of the sol goes on decreasing at first in all cases, irrespective of the valencies 
of cations of the electrolyte added. The only difference in the behaviour of the elec- 
trolytes was found in the gradient of the fall in ¢ values (vide Table I and Figs. 
1 and 2). For the same fall of zeta-potential (22.76 to 18.60) it will b2 seen that the quan- 
tities of the added electrolytes are in the sequence KCI > BaCl, > AICI, > Th{NOs),. 
The ratios of molar concentrations of the cations are as 0 11 :0,066:0.00096 :0.00044 
for K*, Ba®*, Al®* and Th** respectiveiy, for the same tall of potential. It is rather 
striking that the order of these concentrations for K*. Ba**, Al** is in accordance with 
Schulze-Hardy law for the coagulating ions of different valeucies. ‘The case of Th** is 
not in accordance with this law which conveys a more complicated behaviour of this ion. 
This behaviour is further evidenced by the fact that (-poleutial falls to a minimum and 
then it rises again on further addition of the electrolyte. Such an observation was also 
made by previous authors (Kruyt, Freundlich and Rona, and Mukherjee, Joc.cit.) in their 
studies on the variation of (-potential during coagulation by the ions of higher valence. 
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The relation between H* and (-potential is worthy of note. From the table it 
appears that by the addition of KCI, BaCl, and AICI; to copper ferrocyanide sol, the H* 
concentration increases with decrease in (-potential. The behaviour of Th** is similar 
up to a certain concentration of thorium nitrate, beyond which the H* and (-potential 
increase simultaneously (Figs. 1 and 2). Such an observation lends support to the con- 
clusion that aggregation of the particles increases the cataphoretic velocity depending 
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on the manner of entrainment of the negative ions. This effect becomes more 
pronounced with Th** which may bring about greater aggregation than the uni-, bi- 
and tervalent ions. 

The gradual fall of <-potential tending to a minimum on adding increasing concen- 
trations of the electrolyte to copper ferrocyanide sol further suggests that a critical 
potential! exists at which the thickness of the double layer is reduced to such an extent 
that coagulation of the sol takes place due to adsorption of the coagulating ions. 
The increase in the concentration of H* ions with the decrease in potential on the addition 
of an electrolyte supports the existing views of the replacement of counter ions by 
ion exchinge. The behaviour of Th** is, however, an abnormal one. It is also 
probable that after a certain concentration of thorium nitrate has been exceeded, the 
Th** ions chemically react with the ferrocyanogen ions and form thorium ferrocya- 
nide in the inner part of the double layer. It being hydrolysable releases ferrocyanogen 
ions which again exert a peptising action on the particles of copper ferrocyanide. The 
{-potential thus goes on increasing after reaching a minimum. [‘urther work is in progress 
on these lines in these laboratories. 

The authors wish to express their thanks to Dr. M.O. Farooq, Head of the Depart- 
ment of Chemistry, for his keen interest in this work. 
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STUDIES IN INDIGOID DYES. PART XIII. THIOINDIGOID DYES 
DERIVED FROM DIPHENYL MONOSULPHONIC ACID 


By PARESH CHANDRA DuTTA AND DASRATH MANDAL 


5-Phenylthioindoxyl, prepared from diphenyl-4-monosulphonic acid, has been condensed with 
various 0-diketones and some of their derivatives, and thereby several thioindigoid dves have been pre- 
pared with a view to studying their colour in relation to chemical constitution. 


A systematic study of the relation between colour and chemical constitution of 
the thioindigoid dyes in the naphthalene and phenanthrene series has already been 
made (Dutta, Ber., 1934, 67, 1319 ; 1935, 68, 1447 ; 1936, 69, 2343; this Journal, 1949, 
26, 273 Dutta and Chaudhury, ibid., 1951, 28, 169). Similar systematic study of 
colour and chemical constitution of the thioindigoid dyes in the diphenyl] series is 
under contemplation. The present communication deals with the study of colour and 
chemical constitution of the thioindigoid dyes derived from diphenyl-4-monosulphonic 
acid (Beilstein, Vol. 11, p. 225). This acid, prepared from diphenyl by sulphonation 
was converted successively into the corresponding sulphochloride, mercaptan and thio- 
glycollic acid (Ber., 1879, 18, 386). This thioglycolfic acid was converted into 5-phenyl- 
thioindoxyl through acid chloride and subsequent cyclisation by anhydrous aluminium 
chloride. The 5-phenylthioindoxyl, thus produced, could not be obtained in a very 
pure condition due to its susceptibility to oxidation, and so the acetic acid solution of 
the impure sample was used for the condensation with various o-diketones and 
their derivatives to yield interesting coloured thioindigoid dyes, the shade varying from 
red to violet. The bis-compound was prepared by oxidising the 5-phenylthio- 
indoxyl in caustic soda solution with potassium ferricyanide. The alkaline solution of 
the thioindoxyl rapidly becomes greenish due to oxidation. Excepting the dyes obtained 
from acenaphthenequinone, 5-bromoacenaphthenequinone and aceanthraquinone which, 
are almost insoluble, the other dyes as usual dissolve in alkaline hydrosulphite with 
a yellow colour and the original dyes are regenerated by oxidation with air. The dyes 
dissolve in concentrated sulphuric acid with a characteristic colour. 


EXPERIMENTAL 


5-Phenylthioindoxyl 


o> 
| | 1 


NaN 


2 a 


Finely powdered p-diphenylthioglycollic acid (5.5 g-) was suspended in petroleum 
ether (b.p. 60-80°, 50 c.c.) and to this PCI; (5 g.) and two drops of pyridine to act as 
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a catalyst were added and the mixture refluxed on a water-bath for an hour. Copious 
HCl fumes came out and after sometime a clear solution was obtained along with a 
little sticky mass. ‘The clear solution was then carefully decanted off and allowed to 
cool in a refrigerator when gradually crystals of acid chloride (m.p. 166°) separated 
out. ‘These crystals were filtered, washed with a little cold petroleum ether and re- 
dissolved in fresh petroleum ether (b.p. 60-80°, 50c¢.c.) and treated in portions with 
finely powdered anhydrous aluminium chloride ‘5 g.) and the mixture refluxed on a 
water-bath till no more fumes of HCl were produced. The red complex formed was then 
filtered and decomposed by crushed ice with some quantity of HCl (conc.). The sticky, 
yellowish residue obtained was filtered, extracted with ethyl acetate, ethy! acetate dis- 
tilled off from the extract, and the residue dissolved in acetic acid. Froia this solution 
the impure thioindoxyl separated out as a white crystalline powder, shrinking at 
105° and melting at 115°. It became reddish on exposure to air. 


2:2’-bis-5-Phenylthionaphthene-indigo : 


a a 
i| 
be tore SISA 
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5-Phenylthioindoxyl (2 g.), prepared as described above, was dissolved in caustic 
soda solution (5%) and filtered. To the filtrate, which immediately turned greenish, 
an aqueous solution of potassium ferricyanide had been added till the precipitation of 
the dye as a violet-red mass was complete. The yield was almost quantitative. The 
dye was crystallised from nitrobenzene in violet shining prisms, mp. above 290°. It 
dissolves in alkaline hydrosulphite with a yellow colour and dyes cotton from this solu- 
tion in pinkish violet shade. It dissolves in concentrated sulphuric acid with a green 
colour, (Found: C, 74.81; H, 3.68. C.ssH,.O.S, requires C, 75 0 ; H, 3.57 per cent). 


2-(5-Pheylthionaphthene)-3'-indol-indigo 


A . 
| 
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( Ye=e—) 
WNe/ ond | 
Ke SNS 


The acetic acid solution of 5-phenylthioindoxyl was mixed with an acetic acid solu- 
tion of isatin and to the resulting mixture HCI (conc., 0.5 c.c.) was added. The colour 
immediately changed from orange-red to deep red, and pinkish red crystalline mass 
immediately separated out. The mixture was then refluxed for half an hour more to 











STUDIES IN INDIGOID DYES 829 


ensure complete reaction and filtered hot ; the residue was washed with acetic acid and 
recrystallised from a large volume of acetic acid as a pinkish red crystalline powder, 
m.p. above 290°. It dissolves in H,SO, (conc.) with a violet colour and in alkaline 
hydrosulphite with a yellow colour, and dyes cotton from it in pinkish red shade. 
(Found : C, 74.30; H, 3.91. C22Hss02,NS requires C, 74.36; H. 3.66 per cent). 
2-'5-Phenylthionaphthene)-3'-(6'-bromo)-indol-indigo was prepared, as described 
above, from s-phenylthioindoxyl and ™-bromoisatin. It was recrystallised from acetic 
acid as pinkish red needles, m. p. above 305°. It dissolves in H,SO, (conc.) with a 
green colour and dyes cottoa from yellow alkaline hydrosulphite vat in deep violet-red 
shade. iFound: C, 60.68; H, 2.93. C..H,.90,NSBr requires C, 60.83 ; H, 2.76 per 
cent). 
2-(5-Phenylthionaphihene)-2’-acenaphthylene-indigo 
“~ O 
I 
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This compound was prepared, as above, from 5-phenylthioindoxyl and acenaph- 
thenequinone in acetic acid solution with traces of HCl. The reddish violet crystalline 
substance was recrystallised from acetic acid as reddish violet shining needles, m.p. 
243-44°. It dissolves in H,SQ, (conc.) with a grassy green colour but dissolves very 
slightly in alkaline hydrosulphite. Cotton dyed in this solution gives a light pink shade. 
(Found : C, 79.76; H, 3.9. C2s6Hi.O.S requires C, 80.0 ; H, 3.6 per cent). 





2-(5-Phenylthionaphthene)-2’-(5' or 6'-nitro)-acenaphthylene-indigo was prepared 
like the previous compound from 5-phenylthioindoxyl and 5-nitroacenaphthenequinone. 
The violet precipitate obtained was crystallised from acetic acid as a violet crystalline 
mass, m.p. 154°. It dissolves in H.SO, (conc.) with a deep green colour and dyes cotton 
from intense yeilow alkaline hydrosulphite vat in greenish violet shade. (Found: C, 
71.58; H, 3.21. C2e6H,;0,NS requires C, 71.72 ; H, 2.08 per cent). 

:-(5-Phenylthionaphthcne)-2'-(5’ :6’-dinitro)-acenaphthylene-indigo was prepared 
from 5-phenylthioindoxyl and 5 : 6-dinitroacenaphthenequinone and obtained as a_ violet 
precipitate. It was crystallised from acetic acid as a violet crystalline mass, m.p. 264°. 
It dissolves in H,SO, (conc.) with a brown colour and dyes cotton from intense yellow 
hydrosulphite vat in grey shade. (Found: C, 64.78; H, 2.71. CoeH,,O.N.S requires 
C, 65.0; H, 2.5 per cent). 

2-(5-Phenylthionaphthene)-2°-(5’ or 6’-bromo)-acenaphthylene-indigo was prepared 
from 5-phenylthioindoxyl and 5-bromoacenaphthenequinone, as already described. It 
was recrystallised from nitrobenzene as a red crystalline powder, m. p. 260°. It 
dissolves in H,SO, (conc.) with a green colour and is feebly soluble in alkaline hydro- 
sulphite from which it gives light pink shade on cotton. (Found: C, 66.38; H, 2.92. 
C..H,,0,SBr requires C, 66.52 ; H, 2.77 per cent). 
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a-'5-Phenylthionaphthene)-9’-phenanthrene-indigo 
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This compound separates out as a dark brown precipitate when 5-phenylthioindoxy! 
and phenanthrenequinone were heated together in acetic acid solution in presence of 
a little hydrochloric acid. It was crystallised from acetic acid as a brownish violet 
crystalline mass, m.p. 252°. It dissolves in H,SO, (conc.) with a brownish green 
colour and dyes cotton from light yellow alkaline hydrosuiphite vat in light violet 
shade. (Found: C, 80.63; H, 3.95. C2sHi.0.S requires C, 80.76 ; H, 3.84 per cent). 


2-(5-Phenylthioindoxyl)-1’-aceanthrenone 
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It was obtained, as already described, from 5-phenylthioindoxyl and aceanthra- 
quinone and recrystallised from nitrobenzene as a red crystalline mass, m.p. above 310°. 
It dissolves in H,SO, ‘conc.) witha brown colour and remains almost undissolved 
in alkaline hydrosulphite producing only a very light pit:k shade on cotton, (Found: 
C, 81.59; H, 3.81. CyoH 60,8 requires C, 51.81 ; H, 3.63 per cent). 





bis-5-Phenylthionaphthene-ethylene-indigo 
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& ae : 
YVA/N JSNA 
} Sc=cu-cH=c€ | 
VN 57 \ceZY MY 


I 
2 , 
It was prepared from 5-phenylthioindoxyl and glyoxal sodium bisulphite in acetic 
acid solution in presence of 10 c.c. of HCI (conc.} and refluxing the mixture for half an 
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hour. The reddish violet crystalline mass was recrystallised from a large volume of 
acetic acid as a reddish violet crystalline powder, m.p. above 305°. It dissolves in 
H,SO, (conc.) with a violet colour and dyes cotton from intense yellow alkaline hydro- 
sulphite vat in deep violet shade. (Found: C, 75.78; H, 3.93. CsoHs0.S, requires 
C, 75.905; H, 3.8 per cent). 


ORGANIC CHEMISTRY RESEARCH [,ABORATORY, 
SCIENCE COLLEGE, PATNA 5. Received June 21, 1954. 
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THE CONDENSATION OF ETHYL ACETOACETATE WITH 
ALDEHYDES AND AMMONIA 


By V. BAaLtAH V. GOPALAKRISHNAN AND T. S. GOvVINDARAJAN 


Several 2 :6-diaryl-3 ethoxycarbonyl-4 piperidoues have been obtained by condensing ethyl aceto- 
acetate with aromatic aldehydes and ammonia. 
Baliah and co-workers (J. Amer. Chem. Soc., 1948, 10, 3853; this Journal, 1954, 
81, 250; Curr. Sci., 1954, 28, 91) prepared a number of substituted 4-piperidones by 
condensing aliphatic ketones with aromatic aldehydes and ammonia in glacial acetic 
acid medium, This condensation should be applicable to a vari2ty of ketonic compounds, 
aldehydes and amines. ‘The use of ethyl acetoacetate as the ketonic component has been 
studied in the present work. The ester readily condensed with. ammonia and many 
aromatic aldehydes according to the following scheme : 


CO CO 
cH,’ NCH,—COOEt H,c7 cH—COOEt 
| 
R—CHO OHC—R —> R—HC CH—R 
ve” 
H H NH 
\y7 
s (I) 


The products obtained are assigned the 2 :6-diaryl-3-ethoxycarbony]-4-piperidone (I) 
structure, since (i) they give red colour with ferric chloride just like acetoacetic ester, 
indicating the presence of the group -CO.CH-COOE?, (ii) they form hydrochlurides, 

| 


characteristic of piperidones, (iii) they form addition compounds with sodium bisulphite 
(vide Table II) indicating the presence of ketonic group and ‘iv) the analyses of the bases 
and hydrochlorides agree with the structures assumed. 

When aliphatic aldehydes were used in the condensation, the reaction took a different 
course giving 1:4-dihydropyridines (II). It may be of interest to note that compounds 
of the type (II) were obtained by Hantzsch (Annalen, 1882, 215, 8) and others (Schiff 
and Prosio, Gazzetta, 1895, 25, 70; Griess and Harrow, Ber., 1888, 21, 2740; Knoeve- 
nagel, Annalen, 1894, 281, 95) under different experimental conditions. 


i I 
| 
CH CH 
i Etooc—c* \C—COOEt 
O | I 
EtOOC—CH, H,C—COOEt CH,;—C C—CH; 
I 
Hy /H 
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CONDENSATION OF ETHYL ACETOACETATE WITH ALDEHYDES 


ExPERIMENTAL 


Preparation of 2 :6-Diaryl-3-ethoxycarbonyl-4-piperidones. — A mixture of ethyl 
acetoacetate (0.2 mole), aldehyde (0.4 mole) and ammonium acetate (0.2 mole) in 
glacial acetic acid (20 c.c.) was heated just to boiling. After cooling, the viscous liquid 
obtained was dissolved in ether (200 c.c.} and shaken with concentrated hydrochloric 
acid (20 ¢.c.) and water (20¢.c.). The precipitated hydrochloride, of 2:6-diaryl-3- 
ethoxycarbonyl-4-piperidone was removed by filtration and washed first with 4o c.c. 
of a mixture of glacial acetic acid and ether (1:1) and then with ether to remove most of 
the coloured impurities. It was recrystallised from alcohol or alcohol-ether mixture. 
The base was liberated from an alcoholic solution of the hydrochloride by adding excess 
of aqueous ammonia and diluting with water. It was recrystallised from alcohol. 
Details regarding the hydrochiorides are shown in Table I. 
bases are recorded in Table IT. 


Relevant data about the 


TABLE I 


Hydrochlorides of 4-piperidones (I). 








% Cl (ionic). 
No. R. Yield. M.P. Formula. Found. Calc. 
I C.sH; 47% 21€-18° CopHwO,NC1 9.97 9.86 
2 4-CH30Ce6H, 51 161-63° CoH ygO5NCI 8 50 8.45 
2 2-CH,OCsH, 38 167-68° CogHy¢Os3NCI 8.53 8.45 
4 3 :4-(CH,04)CeHy 35 189-90° CogHy207NCI 7-94 792 
5 3-NO.CeHy 15 179-80* CopHy997N3Cl 7.79 7.90 
6 4-CICsH, 14 178-80° CopHyO3NCl, 8.02 8.29 
TABLE II 
4-Piperidones (1). 
M.P. of the 
No. M.P. Formula. %Carbon. % Hydrgen. bisulphite 
Found. Calc. Found. Calc. compound. 
I 112-13° CopH 1} 0-N 74.0 74.2 6.3 6.5 174-76" 
2 88-89° Cy2H_505N 69.0 68.8 6.7 6.5 142-43° 
3 124-25° CoH y,O5N 68.5 68.8 6.3 6.5 133-35" 
4 147-48° CoH ,07N 64.3 64.2 5.1 51 145-46° * 
5 134-35° CoH 997N3 57-9 58.1 4.8 4-6 = 
* Mixed m.p. with the base is 138-40°. 
3:5-Diethoxycarbonyi-2 :6-dimethyl - 1:4 - dihydropyridine. — Ethy) acetoacetate 


‘6.5 g.), ammonium acetate (3.9 g.) and 40 % formalin (s5'c.c.) were mixed in absolute 
alcohol (10 c.c.). Immediately there was evolution of heat and the solution became 
yellow. After about 5 minutes, yeliow needles began to separate. The mixture was 
cooled and filtered. The yield of the crude 3 :5-diethoxycarbonyl-2 :6-dimethyl-1:4- 
dihydropyridine was 4.0g. (63 %, based on the ethyl acetoacetate used). Recrystalli- 
sation from aicohol gave needles melting at 182-83°, undepressed on admixture with 
an authentic sample. Schiff and Prosio (loc. cit.) give the m.p. 176-83°; Knoevenagel 
and Fuchs {Ber., 1902, 35, 1791) give the m.p. 183-85°. 
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When paraformaldehyde was used instead of formaldehyde solution, there was no 
reaction in the cold. However, after refluxing the reaction mixture for 1 hour, the 
dihydropyridine was obtained in 68% yield. 

3: 5-Diethoxycarbonyl-2 : 4 :6-trimethyl-1:4-dihydropyridine.—A mixture of ethyl 
acetoacetate (6.5 g.), paraldehyde (1.1 g.) ani ammonium acetate (3.9 g.) in glacial 
acetic acid (5 c.c,) was heated under reflux for 30 minutes. After cooling and adding 
some water, crystallisation started. The yield was 1.0g. (15 %). Recrystallisation 
from alcohol gave blue fluorescing needles, melting at 131-32° with or without an authen- 
tic sample. Hantzsch (loc. cit.) gives the m.p. 131°. 


DEPARTMENT OF CHEMISTRY, 
ANNAMALAI UNIVERSITY, 
ANNAMALAINAGAR. 


Received December 24, 1953. 
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STUDIES ON 4-SUBSTITUTED-1 : 2-DIPHENYL-3 : 5-DIOXOPYRAZOLIDINE 
DERIVATIVES. PART II 


By 3. L. Muxkueryer, P. R. Gupta, 5S. L. LASKAR AND S. RAYMAHASAY 


4-Bromo-4-alkyl (or aryl)-1 :2-diphenyl-3 :5-dioxopyrazolidines have been synthesised by reacting 
alkyl (or aryi)-bromomalon dichloride with hydrazobenzene in presence of a tertiary organic base. 
The subsequent reduction of the bromo compound in the same reaction medium can be arrested by 
altering the conditions of experiment and also the quantity of reactants. 


In a previous communication (this Journal, 1953, 80, 841)the synthesis of a number 
of 5-substituted-1 : 2-dipheny]-3:5-dioxopyrazolidines and their derivatives was described. 
It was mentioned that by reacting alkyl (or aryl)-bromomalon dichloride with hydrazo- 
benzene, under the conditions as reported therein, only the dehalogenated compounds 
could be isolated from the reaction mixture. 


Further studies in these lines resulted in the isolation of 4-bromo-4-alkyl (or aryl)- 
pyrazolidine-diones as the major product of reaction by varying the conditions of experi- 
ment and also the quantity of the reactants employed. ‘This lends support to the theory 
that the reaction mechanism to the formation of 4-alkyl (or aryli-pyrazolidine-diones, as 
reported earlier, is through the intermediate formation of 4-bromo-4-alkyl-(or aryl)- 
pyrazolidine-diones, followed by subsequent reduction of the bromo compounds with 
hydrazobenzene. 


‘The present communication describes the preparation and isolation of 4-mono-, and 
1 : 4-disubstituted-1 : 2-diphenyl-3 : 5-dioxopyrazolidines. 


EXPERIMENTAL 


4-Ethyl-4-bromo-t : 2-diphenyl-3 : §-dioxopyrazolidine.—To a mechanically agitated 
mixture of pyridine (4 c.c.), anhydrous ether (50 c.c.) and ethyl bromomalon dichloride 
(6.2 g.), held at 0°, was added a solution of hydrazobenzene (4.6 g.) in anhydrous ether 
(50 c.c.) during 20 minutes. The reaction mixture was stirred for 2 hours more at the 
same temperature. The mixture was then treated with water and HCI (dil.). The 
separated ether layer was then washed with sodium carbonate solution (10 %) and finally 
with water. The ether solution was dried and evaporated. ‘The residue thus obtained 
was then triturated well with petroleum ether (b.p. 40°-60°). This on recrystallisation 
from rectified spirit gave a solid, m.p. 98-99°, yield 4.3g. (Found :N, 8.0. C,;;H,;0.N.Br 
requires N, 7.79 per cent}. 





The aqueous carbonate extract on acidification with HCl (dil.) in the cold gave a 
solid, which on crystallisation from alcohoi melted at 108°. This was found to be 
4-ethyl-1:2-diphenyl-3:5-dioxopyrazolidine. (Found:N, 9.7. Cale. for C,;H,,O.N.:N, 
10.0 per cent). Mixed m.p. with an authentic sample showed no depression. 
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4-Ethyl-1 : 2-diphenyl-3 : 5-dioxopyrazolidine.—To a solution of 4-ethyl-4-bromo- 
1 : 2-diphenyl-3 : 5-dioxopyrazolidine (3.5 g.) in ether (50 ¢.c.) and pyridine (8 c.c.) 
was added hydrazobenzene (1.8 g.), dissolved in ether (25 c.c.), with stirring at 0°. The 
mixture was left overnight. Next morning, the mixture was treated with dilute alkali 
solution. The separated alkaline layer, after treatment with norite, was acidified in 
the cold. The precipitated solid on crystallisation from alcohol melted at 108°, yield 
2.5 g. 

The ether solution after removal of the pyrazolidine compound and the basic solvent 
left a solid on evaporation, which on crystallisation from alcohol was identified as azo- 
benzene, m.p. 68-70°, yield 1.2g. 

4-isoPropyl-4-bromo-1:2-diphenyi-3:5-dioxopyrazolidine.—A solution of hydrazo- 
benzene (3.3 g.) in anhydrous ether (45 c.c.) was added during 20 minutes to a stirred 
mixture of isopropylbromomalon dichloride (4.7 g.), anhydrous ether (50c.c.) and 
pyridine (3c.c.!, held at 0°. The 4-bromo-4-tsopropyl-1:2-diphenyl-3 : 5-dioxopyrazo- 
lidine was isolated as described above with the first compound and crystallised from 
alcohol, m.p. 100°. (Found: N, 7.72. CisH:;O.N.Br requires N, 7.5 per cent). 

4-n-Butyl-4-bromo-1 : 2-diphenyl-3 : 5-dioxopyrazolidine was similarly prepared 
by reacting hydrazcbenzene (7.3 g.) in ether (50 c.c.) with a mixture of n-butylbromo- 
malon dichloride (11 g.), dimethylaniline (22 c.c.)and ether (35 ¢.c.). The product on 
crystallisation from alcohol was obtained as needles, m.p. 116-17°. (Found: N, 7.05. 
C,oH,,0,N,Br requires N, 7.23 per cent). 

4-Phenyl-4-bromo-1 : 2-diphenyl-3 : 5-dioxopyrazolidine was similarly prepared 

when a mixture of phenylbromomalon dichioride (7.5 g.), anhydrous ether (50 c.c.) and 
dimethylaniline (6 c.c.) was made to react with a solution of hydrazobenzene {4 g.) in 
ether (30 c.c.) at o°. The method followed was similar to the first compound, above. The 
residue after the removal of ether was taken in chloroform ; the solution was filtered and 
the chloroform removed. ‘This was then crystallised from alcohol, m.p. 160°. (Found : 
N, 7-1. C2;H,,;0,N.Br requires N, 6.87 per cent). 

‘lhe work described froms the subject matter of a patent application. 


RESEARCH LABORATORIES, 
ALBERT Davip LIMITTED, 


CaLcurTtTa. Received June 28, 1954. 
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RHODANINE-N-BENZOIC AND -N-SALICYLIC ACIDS AND THEIR 
DERIVATIVES 


By H. K. Poujari AND M. K. Rovr 


Rhodanine-N-benzoic and -N-salicylic acids have been prepared by the action of potassium mono- 
chloroacetate on potassium dithiocarbamates, derived from anthranilic and p-aminosalicylic acid 
respectively. These rhodanines have been condensed with some aldehydes, ketones and nitroso com- 
pounds by two methods. All the compounds have been tested for use as fungicidal and 
analytical reagents with encouraging results. 


Rhodanines contain in their structure the grouping N—C—S, present in many plant 


S 

fungicides (tetramethylthiuram disulphide and the salts of dithiocarbamic acid) and 
possess also a carbonyl group conjugated with an ethylenic linkage found in another 
type of fungicides (Geiger and Conn, J. Amer. Chem. Soc., 1945, 67,112). It therefore 
appeared to us of interest to study the fungicidal action of rhodanines. The present 
work comprises rhodanines with acidic substituents attached to nitrogen and also their 
condensation products with aldehydes and ketones. Condensation with aldehydes and 
ketones was effected with the expectation that such derivatives would show enhanced 
fungicidal activity and act as more useful analytical reagents than the parent compounds 
(ef. Ettish and Tamchyna, Mikrochemie, 1931, 10, 92; Kolthoff, J]. Amer. Chem. Soc., 
1930, §2, 2222). Moreover, since thiazolidones have found use as local anaesthetics 
(Surrey, J. Amer. Chem. Soc., 1949, T1, 3354), as anticonvulsants (Troutman and Long, 
ibid., 1948, 70, 3436) and as amoebacidal agents (Surrey and Cutler, ibid., 1954, 76, 578), 
rhodanines being mer  ptothiazolidones may possess simiiar useful properties. Degrada- 
tion of these products would also offer convenient routes for the synthesis of §-arylethyl- 
amines, 8-arylacetic acids and substituted thiopyruvic acids, which are required by us for 
other investigations. In view of the ahove, work in this direction was initiated. 


Each of these rhodanine-acids has been condensed with several aldehydes by 
two methods: (i) in glacial acetic acid in presence of anhydrous sodium acetate and 
(ii) in ethanol-ammonium hydroxide in presence of solid NH,Cl. The yield by the 
first method was better. Rhodanine-N-benzoic acid has also been condensed with 
some ketones in ethanol-ammonium hydroxide medium in presence of solid NH,CI. 


For assaying fungicidal activity, the method of Montgomery and Moore (J. Pomol & 
Hort. Sci., 1938, 16, 253) with slight modifications was used. Alternania Polanduti 
Ayyangar was used as the fungus indicator. The compounds were found to possess 
appreciable fungicidal activity, the percentage of inhibition being cent per cent. 


The procedure adopted for testing these compounds as analytical reagents has 
been described in the experimental. Definite metallic complexes were formed with Ag 
and Hg salts. The pa rauge at which complete precipitation occurs has been studied. 
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ExPERIMENTAL 


Rhodanine-N-benzoic Acid.—Dithiocarbamate of anthranilic acid was prepared by 
taking a mixture of anthranilic acid (12.5 g.) and KOH (11.2 g.) in 50 c.c. of water 
in a round bottom flask fitted with a mechanical stirrer and surrounded by an 
ice-bath. ‘The temperature was not allowed to exceed 10°. Carbon disulphide (7.6 c.c.) 
was then slowly run into the flask from a separating funnel. Stirring was continued 
until the carbon disulphide layer disappeared, indicating the completion of the 
reaction. 

In the meantime, potassium monochloroacetate was prepared by mixing a soluticn 
of KOH (5.6 g.) in water with a solution of monochloroacetic acid (9.4 g.) in water. 
Sodium carbonate was added till the solution was neutral to litmus. 


To the potassium monochloroacetate solution, thus prepared, the dithiocarbamate 
was added slowly with stirring and good cooling. The stirring was continued for some- 
time more. Then the mixture was added under stirring to 15 to 15 c.c. of HC! (conc.), 
previously heated to 90°, when a yellow precipitate was obtained. [t was stirred for one 
hour more and then allowed to stand in an ice-bath for another hour. The rhodanine 
was filtered and washed with water. It was purified by recrystallisation from alcohol, 
m.p. 122°, yield 70%. (Found: N, 5.98. C,.H,O;NS, requires N, 5.53 per cent). 


Rhodanine-N-salicylic acid was prepared in the above manner, m.p. 117°, yield 
75%. -Aminosalicylic was used iustead of anthranilic acid. (Found: N, 5.34. 
C,.H;O,NS, requires N, 5.20 per cent). 

5-Benzylidene-rhodanine-N-benzoic Acid.—Toa solution of benzaldehyde (0.6 g.) 
and rhodanine-N- benzoic acid (1 g.) in 15-20 c.c. of hot glacial acetic acid was added 
1.3 g. of fused sodium acetate and the whole was refluxed on an asbestos wire gauge 
for 24 hours with occasional shaking. The benzalrhodanine separated out in crystals. 
The whole mass was poured into a large volume of water. The precipitate was filtered 
off, washed with water and finally recrystallised from alcohol. 


Condensation of Rhodanine-N-benzoic Acid with Methylethyl Ketone.—-A mixture 
of rhodanine-N-benzoic acid (1 g.), methylethyl ketone (o.5°g.), rectified spirit (8 c.c.), 
NH, {conc., 6 c.c.) and solid NH,CI (1 g.) was refluxed on an asbestos-wire gauge for 
4 hours. After refluxing, alcohol was evaporated. A large volume of water was then 
poured into the whole mass. The precipitate obtained was filtered off and washed 
with water and finally recrystallised from 50 % alcohol. 


Condensation of Rhodanine-N-benzoic Acid with 4-Nitroso-B-naphthol.—A mixture 
of rhodanine-N-benzoic acid (1 g.), % nitroso-8-naphthol (0.8 g.) and acetic anhy- 
dride (15 c.c.! was heated under reflux on a sand-bath for 45 minutes. The reaction 
mixture was cooled and then poured into water when a brown precipitate came 
down. ‘This was filtered, washed with hot water, dissolved in dilute caustic soda and 
reprecipitated with dilute HCl. 

The properties and analytical data of the different condensation products are 
shown in Tables I and II. 
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Condensation products of rhodanine-N-benzoic acid with aldehydes, ketones and 


nitroso compounds. 


Compounds condensed. Yield M.P. % Nitrogen. 

Found. Calc. 
Benzaldehvde 75 % 150° 3-84 4.09 
Anisaldehyde 70 125° 3 62 3.76 
Cinnamaldehvde 65 210 3.65 3.80 
o-Nitrobenzaldehyde 72 185° 7.01 7.24 
m-Nitrobenzaldehy de 70 180° 6.94 7.24 
p-Nitrobenzaldehyde 75 205 6.98 7.24 
o-Hydroxybenzaldehyde 80 203 3.76 3-91 
p-Hvdroxybenzaldehyde 85 200 3 82 3.91 
Vanillia 75 Above 300° 3-42 3-61 
Furfuraldehyde 65 7 300° 3.97 4.22 
p-Dimethylaminobenzaldehyde 70 192° 7.02 7:27 
Methylethyl ketone 40 110° 4.34 1.56 
Acetophenone 45 310° 3.78 3.94 
Methy!-n-propy] ketone 2 105° 4.06 4.36 
cycloHexanone 45 290° 4.90 4.21 
Methvlisopropyl ketone 40 107° 4.12 4.36 
a-Nitroso-B-naphthol 49 205° 6.66 6.85 
p-Nitrosodimethylaniline 40 185° 10.68 10 GI 

TABLE II 






Condensation of rhodanine-N-salicylic acid with aldehydes and nitroso compounds, 


Compounds condensed. Yield M.P. % Nitrogen. 
Found. Ca'c 
Benzaldehyde 75° Above 300° 3-64 391 
\nisaldehyde 7” - 300° 3-32 3-61 
Cinnamaldehyde 65 182° 3.39 3.65 
o-Nitrobenzaldehyde 70 Above 300° 6.82 6.95 
m-Nitrobenzaldehy de 70 : a 6.74 6.95 
p-Nitrobenzaldehyde 75 * a 6 62 6.95 
o-Hydroxybenzaldehvde 5 - - 3 46 3.74 
p-Hydroxvbenzaldehyde 65 ‘i 3.48 3.74 
Vanillin 60 Sa 3.24 3.47 
Furfuraldehyde 60 a 3.85 4.02 
p-Dimethylaminobenzaldehydk 65 - 6.44 6.98 
a-Nitroso-8-naphthol 40 es bes 6.46 6 58 
p-Nitrosodimethylaniline 40 7a _ 10,28 10.47 







Testing the Compounds as Anaiytical Reagents 


The compounds were tested for use as analytical agents as follows. About 1% 
alcoholic solutions of rhodanine-N-benzoic and rhohanine-N-salicylic acids and their 
condensation products with aldehydes were prepared and 2c.c. of each of these solu- 
tions were added to 2¢c.c. of different salt solutions containing 1 or 2 c.c. of alcohol. 
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Precipitates were formed with Ag and Hg salts with almost all the reagents. ‘These 
were filtered, washed several times with alcohol and then with water and finally tested for 
the presence of metal. The precipitate was decomposed by HNO, (conc.) in case of 
Ag complex and with HCI (conc.) in case of Hg complex, and then tested in the usual 
manner for Ag and Hg. All the complexes were found to be metallic derivatives. 

The screening tests having proved encouraging, conditions of complete precipitation, 
especially the pu range, were studied. This was done as follows. Only three com- 
pounds from each series were used jor systematic analytical tests. About 10 drops 
of Ag and Hg salts were taken; 3 to 4 c.c. of acetate buffer of different px values was 
then added to each followed by excess of the organic reagent {6 to 7 c.c. of the alcoholic 
solution). After keeping overnight, the precipitates were washed with alcohol severa! 
times and the filtrate tested for the metal. Results obtained at different pu values have 
been indicated in Table III. The parent compounds were found better for analytical 
purposes than thier arylidene derivatives, since, by using the latter class of compounds, 
the metals could not be completely precipitated at any pu. 


Tas.e III 


Behaviour of reagents with Ag and Hg saits 4t different pu range. 


Name of the compound. Silver Mercury 
pu34. Pu 4.02. pug.og. P* 3.4. Pu 4.5. pu 5-5- 
Rhodanine-N-benzoic acid Brown complete parcipttation White complate parcipitation 
Rhodanine-N-salicvlic acid Do. Do. Do. Grey com- Grey incom- Grey in- 


plete pptn. plete ppin. complete 
pptn. 


Grateful thanks are due to the Board of Scientific and Industrial Research, Orissa 
for a grant assisting the authors in these investigations. 
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STUDIES ON FRIES REARRANGEMENT. PART XIV. REARRANGEMENT 
OF THE PHENOLIC ESTERS OF z-FUROIC ACID 


By S. S. Trwari AND BRAJENDRA NATH TRIPATHI 


Fries rearrangement of a-furoates of substituted phenols has been studied. The effect of tem- 
perature, solvent, amount and nature of catalysts has also been studied in the case of 3 :5-dimethyl- 
pheny] a-furoate. 


Gilman and Dicky (Rec. trav. chim., 1933, 52, 389) observed that the Friedei and 
Crafts acylation of phenol by @-furoyl chloride in carbon disulphide produced the ester 
and the corresponding p-hydroxyketone, but when the reaction was carried out in nitro- 
benzene, the yield of the latter increased considerably. Hence, they postulated that the 
ester might have undergone the rearrangement to para-hydroxyketone. Keeping this in 
view we have studied the Fries migration of various substituted phenyl @-furoates. 

Several 2-furoates of different substituted phenols have been prepared foliowing 
the method of Spasov (Ann. Univ. Sofia, 1938-30, 2, 35, 289). All these have been 
rearranged by anhydrous aluminium chloride in carbon disulphide, following the usual 
procedure (Fieser and Bradser, J. Amer. Chem. Soc., 1936, 58, 1739, 2337) and finally 
keeping the temperature at 110°. In all the case, studied, orfho-hydroxyketones were 
obtained conforming to Pyman’s tests for these ketones. 

The rearrangement of 3:5-dimethylphenyl «-furoate has also been investigated 
under various conditions of temperature, solvent, amount and nature of catatyst, and 
the following observations have been made there on : 

(1) Effect of temperature.—The optimum temperature appears to be 110° (1.0M 
ester, 1.5M catalyst, 2 hours) as the yield at this temperature is maximum. 

(2) Effect of solvent.—In all the experiments the best yield has been obtained in 
CS, (1.0M ester, 1.5M catalyst, 4 hours, 110°). In case of tetrachloroethane as solvent, 
the yield is a little lower. But it is unusual to observe that in nitrobenzene (1.0M 
ester, 1.5M catalyst, 50 hours, 26°) only 3.0% para-hydroxyketone has been isolated. 

(3) Effect of the amount of the catalyst.—It has been observed that the optimum 
amount of the catalyst is 1.5M (1.0M ester, 110°, 3 hours; as the yields are lower in 
both the cases of 1.0M and 2.0M of the catalyst. 

(4) Effect of the nature of the catalyst.—The yields with the various catalysts 
were in the same order as their potency (Fieser and Fieser, ‘“Organic Chemistry’’, 
2nd Ed., p. 573) as: AICI, > SnCl, > ZnCl,. 


EXPERIMENTAL 


%-Furoyl Chloride.—A mixture of thionyl chloride (5.0 parts) and «-furoic acid 
(1.0 part) was refluxed on a water-bath for 6 hours. Excess thionyl chloride was then 
distilled off and -furoyl chloride obtained as usual, b.p. 173°, yield 80% (Baum, Ber., 
1904, 37 2951, records b.p. 173°, yield quantitative). 












842 S. S. TIWARI AND B. N. TRIPATHI 


Esters of x-Furoic Acid.—The following new esters prepared are summarised below. 


TABLE I 

No. Esters. M.P./B.P. Yield Mol.formula. % Carbon. % Hydrogen 
Found. Calc Found. Calc 

1. 4-Chloro-F 79° 720% C,,H;0,C! 58.84 59 32 3.24 3.15 

2. 4-Bromo-F 85° 60.0 C),H703Br 49 31 19.44 2.24 2.62 

3. 2:4-Dichloro-F 82° 72.0 Cy, HeO3Clp = 551.82 51.37 261 2.34 

4. 2-Chloro-4-tert -butyl-F 122°/13mm = 70.0 C\sH;;03;C1 64.78 64 65 5.80 5 39 

5. 2-isoPropyl-5-methyl-F 102°/10 78.0 CysHy603 73-20 73-77 6 49 6 56 

6. 3 :4-Dimethyl-F 115°/18 85.0 C)3H 29; 72.42 72 21 5-64 5.56 

5. 3 :5-Dimethyl-F 171°/14 840 Cy3H 20; 72.90 72.21 5-78 5.56 


(F = phenyl a-furoate} 


Fries Rearrangement of the Esters 


Rearrangement in Carbon Disulphide.—Ester (1.0M) was dissulved in CS, (6.0M). 
Then in the case of solid esters ‘No. 1, 2 and 3) 2.8M and in the case of liquid esters 
(No. 4, 5,6 and 7) 1.5M anhydrous aluminium chloride were added. The mixture 
was first heated on a water-bath for 2 hours and subsequently CS, was distilled off and 
then during a period of half an hour the reaction temperature was raised to 110° and 
maintained for 14 hours more. It was then decomposed by dilute hydrochloric acid. 
The foliowing three different procedures were adopted for isolation of the ketonic 
products : 

(a) In each case of the rearrangement of the solid esters, the product obtained 
was solid. This was taken up inether and the ethereal layer was washed with water 
and then extracted with 5% caustic soda solution. ‘The caustic soda extract on acidi- 
fication with hydrochloric acid gave solid precipitate of the hydroxyketone, which was 
filtered, washed with water and recrystallised from ethanol. 

{b) In both the cases of the rearrangement of liquid esters having para-substitu- 
ents (No. 4.and 6), the ortho-hydroxyketones were isolated as usual (Tiwari and Tewari, 
this Journal, 1953, 31, 79). 

(c) In each of the two cases of the rearrangement of liquid esters having free 
para position (No, 5 and 7), the oil obtained was subjected to steam distillation when 
the ortho-hydroxyketone distilled over with steam. The distillate was extracted 
with ether, and o-hydroxyketone isolated as usual. ‘The residue in the distillation flask 
was worked up for the para-isomer as usual (Tiwari and Tewari, loc. cit.) but it was 
found to be absent in both the cases. 

All the o-hydroxyketones, so obtained, gave intense violet coloration with alcoholic 
ferric chloride and addition of dilute caustic soda solution formed yellowish crystal- 
line solid. ‘These have been converted into their 2 : 4-dinitrophenylhydrazones which 
were recrystallised from glacial acetic acid (No. 6) or ethanol (No. 1, 2, 3, 4, 5 and 7). 
All these o-hydroxyketones and their 2: 4-dinitrophenylhydrazones are summarised 


in Table IT. 








Zz 
= 
= 
o 
z 
<= 
= 
= 
< 
<a) 
= 
DM 
<a) 
- 
a 
_ 
Zz 
© 
2) 
a 
— 
i 
LP 
& 
DQ 


oor = uz 0 o9— ot pivgd WE— ( “* Of £ gz) auazuaqosIN ‘909 - oer 


ors — ous ozZQ— S*r ooS— ( “ %) steqjIOIO[YIeI397, o7g— Orr 


%o'79— IOV Yogr— wor %o*bo— (sinoy +) aprqdinsip uoqie %ogS— .cor 


*ySATBJVS JO JANzeM JO ZDOyNF7 *ySA[B3LD JO JUNOM 34} JO D937 JUPAIOS JO 4DIF3T aimzessdais; jo yoy 


*astmsaqjyo 
Paws ssajUN sAoge se suolipuoy *,O11 = ainjetoduiay ‘soy zc = SUNY MOOBay “py S*I = ysA[ejyeD “POL = 193s] 


Il] @1MavV iL 


(jouaqd-[Ao1nj » =,7) 


Sr°bs ortr Fn9Cdl zyet > ~09r . P re‘zl , Teas ska) S1/,c6r A-z-pAqyouig-s: £ 
Sr-br gS-br IQMpsly =z . rez Cott zytt-y ( or/ gt A-9-[Aqjemig-b: ¢ 
orfr or tr INICM ED eter LL€L tompsts Sr/ gt I-9-[Aqyu-S-[Adosgos}-z 
zee Orer 1’ N08 FD 001 ‘ S9"to IDfo" > ¢ “mut 6/ ,ogt e1-9-[490q*"949)-b-o10[ 45-2 
Igtl 16er 5D’ NIOC" HM bez LE-r or" 1-9-0101 QDIC-b: z 
CS-exr blz igin*o tgs -8Or ; bb-6r Ig'o¢A"'d , [-z-omloig-F 

z6"Er other pDinso"AAD , or og 2f6S Inso'H"d {-z-o10] 4-4 
‘32D *pnuo,y “BI NII10,J ‘aw 

*uaS0I3IN % ‘ye ‘“puno.7 ‘ye “puno,y er nUt10,7 *‘PIPIA ‘ad 

*samozeipAqyAuaydosziaicq-b: c ‘uaso01pAy% “moqie:y% * 10 “d'‘W *paulioj sjoupoig 
*sauozpsphy)Cuaydospiuip-V: & 4194} puv sauojayhxospapy 


II #14vL 





6—1851P—11 








844 S. 8. TIWARI AND B. N. TRIPATHI 


Rearrangement of 3:5-Dimethylphenyl *-Furoate in Tetrachloroethane.—The ester 
(1 M) was dissolved in tetrachloroethane (5 M) and anhydrous AICI, (1.5M) was added to 
it. The mixture was gradually heated to 110° and after 4 hours dilute hydrochloric 
acid was added to the mixture to decompose the aluminium complex. ‘The lower layer 
of tetrachloroethane was then separated, washed with water and extracted with 5%, 
caustic soda soiution. From this extract the hydroxyketone was isolated as usual. 

Rearrangement of 3:5-Dimethylphenyl 2-Furoate in Nitrobenzene.—Ester (1M) 
was added to the cooled solution of 1.5M of anhydrous AICI, (1.5M) in nitrobenzene (6M) 
and the mixture was allowed to stand for 50 hours at room temperature {26°). The 
hydroxyketone was isolated as given under procedure (a) above. This yielded 3% 
of a solid product which was recrystallised from ethanol. The results of analysis and 
the negative colour reaction with alcoholic ferric chloride indicate that it is p-hydroxy- 
ketone, m.p. 151°. (Found: C, 71.79; H, 5.81. Cale. for C,;H,,0,;: C, 72.21 ; H, 5.56 
per cent). 

Rearrangement of 3:5-Dimeihylphenyl a-Furoate without Solvent.—In order to 
study the effect of temperature, solvent, amount and nature of the catalyst, the re- 
arrangement was carried out keeping the conditions mentioned in Table III, and the 


o-hydroxyketone was isolated as usual. 


The authors wish to thank Dr. A. B. Sen for his kind interest in this work. 
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STUDIES IN LOCAL ANAESTHETICS. PART IX 
I. Stn Gupta, (Miss) M. K. SHAH AND K. N. GAINnD 


Several diethylamino-, piperidino -and morpholino-acety] or-propionyl-naphthylamines have been 
svuthesised and their local anaesthetic activity studied. 


The structural requirements for a local anaesthetic are a lipolytic end containing 
an aromatic nucleus, a hydrophilic end consisting of a tertiary amino group and an 
intermediate alkyl or substituted-alkyl chain (Lofgren, Chem. ‘Abs., 1949, 1021). Gaind 
et al. (this Journal, 1940, 17, 400, 600; 1946, 23, 9) have shown that compounds having 
dialkylaminoalkylamido group connected to an aromatic or heterocyclic nucleus possess 
local anaesthetic activity. The compounds containing larger aromatic nucleus frequently 
possess greater activity than their benzene analogues (Mattocks and Hutchinson, /. 
Amer, Chem. Soc., 1948, 70, 3474). Esters of «- and 8-naphthoic acids are local anaes- 
thetics (Fisk and Underhill, J. Pharmacol., 1933, 49, 329). Further, Bjerregaard and 
Houston {Proc. Oklahoma Acad. Sci., 1934, 17, 14), Blicke and Parke (J. Amer. Chem. 
Soc., 1939, 61, 1200) and also Sargrevskaya and Neovadba, (J. Gen. Chem. U.S.S.R., 
1938, 8, 924) have reported active esters of aminonaphthoic acids. The present work 
was undertaken to synthesise compounds of the general formula ‘I). The anaesthesio- 
phoric group is in «-position also. 


O 
" 
ON SS S  telies n=10r2 
| en (CH2)n—B { B = piperidino 
= morpholino 
VY FY = diethylamino. 


For the synthesis of the compounds, naphthylamines (« and 8) were treated with 
chloroacety! chloride or with #-chloropropiony! chloride. The resulting chloro com- 
pounds were condensed with the above amines in absolute alcohol. ‘The bases werethen 
converted into their hydrochlorides. 


EXPERIMENTAL 


w-Chloroacetyl-a-naphthylamine.—Chloroacetyl chloride (5 c.c.) in benzene (20 c.c.) 
was gradually added to «-naphthylamine (5 g.) in benzene (30 c.c.) and warmed on 
a water-bath for 13 hours. Benzene was then distilled off and the residue washed with 
sodium bicarbonate solution. The product was crystallised from alcohol, m.p. 160° 
(cf. Heilbron, Dictionary, 1946, pp. 3, 31). 


w-Piperidinoacetyl-%-naphthylamine.—A mixture of the chloro compound (5 g.), 
absolute alcohol (50 c.c.) and piperidine (5 c.c.) was refluxed for 4 to 5 hours. Alcohol 
was recovered and the residue was washed with sodium bicarbonate solution and then 
with water. The product was crystallised from 70% alcohol and recrystallised from 
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benzene in thin rectangular plates, m.p. 109-110°. ‘Found: C, 76.3; H, 7.62; N, 10.4. 
C,,H,,ON, requires C, 76.12 ; H, 7.46; N, 10.45 per cent). 

Hydrochloride of w-Piperidinoacetyl-2-naphthylamine.—The base (2 g.) was taken 
in dry ether (20 c.c.) and the solution was saturated with dry hydrochloric acid gas. 
Ether was decanted off and the semi-solid mass was crystallised from absolute alcohol, 
m.p. 202°. (Found: N, 9.3; Cl, 11.52. C:rH2,0N,CI requires N, 9.19; Cl, 11.65 per cent). 


Hydrochloride of w-Diethylaminoacetyl-a-naphthylamine.—A mixture of the chloro 
compound (5 g.), absolute alcohol (50 c.c.) and diethylamine (5 c.c.) was refluxed for 
4 to 5 hours. Solvent was recovered and the residue after washing with sodium bicarbonate 
solution was found to be an oily substance. It was taken in ether and the ethereal 
solution was dried over anhydrous potassium carbonate. After filtering the solution, 
it was saturated with dry hydrochloric acid gas. Ether was then decanted off and the 
sticky mass was crystallised from absolute alcohol and then from acetone, m.p. 
264-05° (cf, Chem, Abs., 1949, 1022). 

8-Chloropropionyl-a-naph thylamine.—B-Chloropropionyl chloride (5 c.c.) in ben- 
zene (20 c.c.) was gradually added to «-naphthylamine (5 g.) in benzene (30 c.c.). ‘The 
reaction mixture was heated on a water-bath for 2 hours. Benzene was recovered and 
the residue washed with dilute hydrochloric acid, then with sodium bicarbonate solution 
and finally with water. It was crystallised from alcohol, m.p. 135-36°. (Found: 
N, 9.4; Cl, 11.7. C,;H,,ONCI requires N, 9.13 ; Cl, 11.58 per cent). 

8-Piperidinopropionyl-2-naphthylamine.—A mixture of the chloro compound (5 g.), 
absolute alcohol (50 c.c.) and piperidine (5 c.c.) was refluxed for 5 to6 hours. Alcoliol 
was distilled off and the residue was washed with sodium bicarbonate solution and then 
with water. The product was crystallised from dilute alcohol, m.p. 82°. (Found: 
N, 9.85. Ci:sH22ON, requires N, 9.97 per cent). 

Hydrochloride of 8-Piperidinopropionyl-a-naphthylamine.—The above base (2 g.) 
was taken in dry ether, saturated with dry hydrochloric acid gas. A semi-solid subs- 
tance separated. Ether was decanted off andthe substance after several washings of 
ether was crystallised from acetone, m.p. 210°. (Found: N, 8.54; Cl, 11.3. C,;s;H,,;0N,Cl 
requires N, 8.8; Cl, 11.14 per cent). 

B-Morpholinopropionyl-2-naphthylamine.—A mixture of the chloro compound (5 g.), 
absolute alcohol (50 c.c.) and morpholine (5 c.c.) was refluxed for 5 to6 hours. Alcohol 
was recovered and the residue, a semi-solid substance, was washed with sodium 
bicarbonate solution and then with water. It was crystallised from 50% alcohol, m.p. 78°. 
(Found:. N, 9.68. C,,H..0.N, requires N, 9.85 per cent). 

The hydrochloride of the above was prepared in the usual manner. It was crystallised 
from absolute alcohol, m.p. 257-58°. (Found: N, 8.65; Cl, 11.30. C,,7H.,0,N.Cl 
requires N, 8.735 Cl, 11.07 per cent). 

The other analogues synthesised in a similar manner are shown in Table I. 

The substances, mentioned in Table II, were tested for their local anaesthetic activity 
on rabbit’s cornea. Each substance was used in 2% solution and compared with cocaine 
hydrochloride. solution of the same strength. ‘The results are the average of five 
experiments with each substance and are recorded in Table II. 
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TABLE I 


[N denotes naphthylamine }. 


Compound. Solvent for MP. Mol. formula Aunalvsis 
crystallisation. % Calc. %Found 
w-Morpholiuoacetyl-a-N Dilute alcohol 105-106° Cy6H gO_N2 N, 10.37 10.42 
Hydrochloride of the above Acetone 201-202° CygHjgO,N.Cl N, 9.13 Q 22 


Cl, 11.58 11 70 


Do of B-diethylamine- Ether-acetone 230-32" Ci7H230N,Cl N, 912 g.42 
propiony1-a-N Cl, 11.58 11.70 
w-Piperidinoacetyl-B- N Dilute alcohol 93- 94° CypHyONe N, 10.5 10.45 
Hydrochloride of the above Acetone 244-45° CyHyON,Cl N, 9-19 9.32 


Cl, 11.65 11.go 
Do of #-morpholinoacety!-8-N st 264-65° CigH jgO,N,CI N, 9.13 9.34 


8-Chlorupropiony! 8-N Dilute alcohol 95- 96° Cy3H},ONCI N, 9.13 937 
Cl, 11.58 11.70 


Hydrochloride of 8-diethyiamino- Acetone 236-37° CyHyONCl N, 9.4 Q 12 

propiony!-8-N Cl, 11.7 11 58 
8-Piperidinopropiony!-8-N Dilute alcohol go- fpr" CigHyONe N, 997 g.82 
Hydrochloride of the above Absolute alcohol 242-44° CygHgON,Cl N, 88 8 64 


Cl, 1£.14 11.42 


Do of 8 morpholino-propionyl-8-N Acetone 225-26° Cy7Hq,0,N,C1 N, 873 8.58 
Cl, 11.07 11.30 
TABLE II 
Hydrochloride of ‘Time for onset of anaesthesia, Duration for which complete 
complete loss of reflex action. loss Of reflex action lasted. 
w-Piperidinoacety|-a-N 3 minutes (1) , | 35 minutes (39) 
w-Diethylaminoggety!-a-4 Never complete (1) Incomplete anaesthesia lasted for 


29 minutes (40) 


8-Piperidinopropionyi-a-N 2} minutes (1) f 32 minutes (39) 
B-Diethvlaminopropiony! a-N 34 minutes (14) 25 minutes (39) 
w-Piperidinvacety]-8-N 2} minutes (1) 30 minutes (40) 
#-Diethylaminoacetyl-8-N Incomplete (14) Incomplete angesthesia lasted fcr 
27 minutes (38) 
8-Pipéridinopropiony|-8-N Incomplete (14) Incomplete anaesthesia lasted for 
22 minutes (39) 
B-Diethylaminopropionyl-8-N Incomplete (1) Incomplete anaesthesia lasted for 


24 minutes (39) 
{Values for cocaine hydrochloride are in parenthesis}. 
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THIOPEGAN DERIVATIVES. PART V 


By D. S. Bariana, M. S. Duart, H. S. Sacupgv anp K. S. NARANG 


The mechanism of the reaction leading to the formation of the thiopegans is discussed. A con- 
venient method of preparing 2-hydroxythiazoles is also given. 


Khosla, Vig, Gupta and Narang (J. Sci. Ind. Res., 1953, 19B, 466) and 
Dhatt and Narang (unpublished) synthesised thiopegan derivatives by condensa- 
tion of 2-carbethoxyphenyl-substituted thiourea (I) and its 4-methyl derivative 
with @-haloketones (IT) in boiling alcohol and ethylene dibromide respectively. The 
foliowing mechanism was then proposed for the condensation between (I) and (II); 
the products were given provisional structure of 10:11-thiopegan derivatives (ITI). 
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[R=various groups]. 


though the structure (IV) of 9 : 10-thiopegan derivatives was also possible. Condensation 
of (I) and its 4-methyl derivative with chloroacetone gave in each case two isomeric 
compounds, the expected structures being (III, R=Me), (IV, R=Me) and _ their 
6-methyl derivatives respectively. 

(I) on condensation with chloroacetic acid under similar conditions gave ethyl 
anthranilate hydrochloride (VII) in almost quantitative yield. ‘This indicates that the 
mechanism of the reaction is not so simple as shown above. (I) on condensation with 
(II, R-sphenyl, p-tolyl and -chlorophenyl) in alcoholic solution in the cold gave 
rise to corresponding w-thiocyanoacetophenones (VJ); besides, ethyl anthranilate was also 
isolated as hydrochloride (VII) in the case of condensation with (II, R=phenyl and 
p-chlorophenyl). It would appear that (VI) and (VII) were obtained as a result of clea- 
vage of an intermediate (V) which might be the first condemsation product of (I) and (II). 
The mechanism, therefore, would be 
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As w-thiocyanoacetophenones (VI) (Arapides, Annalen, 1888, 249, 15) in presence of 
acids gave rise to amides (VIII) by hydrolysis, the latter undergoing ring-closure to 
hydroxythiazoles (IX), it was considered that the hydroxythiazoles (IX) could 
possibly be formed as intermediates in these reactions. Since hydroxythiazoles are 
known to condense with aromatic amines (Hantzsch and Weber, Ber., 1387, 30, 3130) the 
plausible mechanism in the present case could be as shown below. 
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However, attempted condensation of (IX, R=phenyl) with (VII) on the free ester 
even under drastic conditions did not materialise, the hydroxythiazole having been 
recovered unchanged,in each case. The mechanism suggested above therefore has to be 











850 oD. S. BARIANA, M. S. DHATT, H. 8. SACHDEV AND K. S. NARANG 


modified. Moreover, it does not explain the formation of two isomeric compounds in each 
case in the condensation between (I) or its 4 methyl derivative and chloroacetone. The 
key intermediate in the mechanism appears to be (V) which has not so far been isolated. 
This compound could be in equilibrium with its cleavage products ‘VI) and (VIL) ane 
could undergo ring-closure on either side with the formation of 10:11-thiopegan or 
9:10-thiopegan derivatives. This receives support from the condensation between 
(VI, R=phenyl or p-chlorophenyl) and (VII) which give rise to the thiopegan derivatives 
as obtained from (I) and (II, R=phenyl or p-chlorophenyl). in this connection 
it may be noted that ethyl anthranilate does not condense with w-thiocyanoketones, At 
this stage it is difficult to say anything about the role of halogen acids, i.e., hydrochloric 
acid or hydrobromic acid which are generated during the course of reaction between 
(I) and (II). 

The mechanisin of condensation between ‘I) and ethylene dibromide appears to be 
the same, as already suggested (Khosla et al., loc. cit.). In these condensations 
appreciable amounts of 4-keto-2-thiotetrahydroquinaZolines (XI; R=H or Me) have been 
isolated by ring-closure of (I) and its 4-methyl derivatives, whereas in the condensation 
between (I) and (II), the product (XI) has not so far been isolated, clearly 
showing that the formation of the w-thiocyanoketones takes place more readily than the 
ring-closure of (I) or its 4-methyl derivative to (XI). Attempts are being made to 
isolate the various intermediates. 
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EXPERIMENTAL 


Condensation of (I) with Monochloroacetic Acid: Isolation of Ethyl Anthranilate 
Hydrochloride.—A mixture of monochloroacetic acid (5.5 g), and 10 g. of (I) in ethanol 
(50 c.c.) was refluxed for 8 hours, and the solvent distilled off. The residue 
(10.5 g., m.p. 162-64°) crystallised from acetone in colorless needles, m.p. 176°. 
This did not depress the mixed m.p. with ethyl anthranilate hydrochloride. 
Attempts are being made to isoiate other products from this. 


Condensation of (i) with w-Bromoacetophenone :Isolation of w-Thiocyanoaceto- 
phenone and Ethyl Anthraniiate Hydrochloride.—A solution of (I, R=H; 3.5 g.) and 
w-bromoacetophenone (3.2 g.) in ethanol (25 c.c.) was warmed to 40° and then kept at 
room temperature for 4 hours. ‘The oil obtained by dilution with 30¢.c. of iced water 
on crystallisation from 80% ethanol gave 1.5 g. of w-thiocyanoacetophenone, m.p. 74°, 
mixed m.p. with synthetic sample (Arapides, loc.cit.) being the same. The aqueous 
solution decanted from the above oil was further diluted with 30 c.c. of water and filtered ; 
the filtrate was made alkaline with sodium bicarbonate solution and extracted with 
50 c.c, of ether. When dry HCl gas was passed through the dried ethereal extract, 














it 








THIOPEGAN DERIVATIVES 851 





0.5 g. of a light pale yellow solid was obtained which on crystallisation from acetone 
melted at 176°; mixed m.p. with ethyl anthranilate hydrochloride, 176°. 


Condensation of (I) with p-Methyl-w-bromoacetophenone : Isolation of p-Methyl-w- 
thiocyanoacetophenone.—A_ saturated alcoholic solution of -inethyl-w-bromoaceto- 
phenone (2.1 g) was added to a saturated alcoholic solution of 2-carbethoxyphenyl- 
thiourea (2.2 g.) at 40°, Crystals began to separate within a few minutes. After 
keeping at room temperature for 3 hours the solid (1.2 g) was collected and crystallised 
from dilute ethanol in white needles, m,p. 106-107°. [Found: C, 62.56; H, 4.84; N, 
7.0 (mean of two analyses); S, 16.10. Calc. for C,,Hy»ONS: C, 62.82; H, 4-71; N, 7.33; 
S, 16.75 percent). The substance did not depress the melting point on admixture with 
synthetic specimen. This was obtained by adding saturated aqueous solution of potass- 
ium thiocyanate (1.2 moles) toa saturated alcoholic solution of p-methy!-w-bromoace- 
tophenone (1 mole) in the hot. The resulting solution was heated for 5 minutes and kept 
at room temperature for 2 hours. ‘The solid was collected and crystallised from dilute 
ethanol in white silky needles, m.p. 106-107°, yield 70%. (Found: N, 7.50. Calc. for 
C,»>H»ONS: N, 7.33 per cent). 

Condensation of (I) with p-Chloro-w-bromoacetophenone : Isolation of p-Chlorothiocy- 
anoacetophenone and Ethyl Anthtanilate Hydrochloride.—This was carried out in the 
same manner asabove. ‘The solid (1.3 g. from 2.2 g. of p-chloro-w-bromoacetophenone) 
crystallised from ethanol in white long needles, m.p. 136°. [Found: C, 50.80 H, 3.0; 
N, 6.3 (mean of two analyses). Cale for C)sH,ONSCI: C, 51.06; H, 2.84; N, 6.62 per cent]. 
The synthetic material (m.p. 130°) (Judefind and Reid, J. Amer. Chem. Soc., 1920, 
42, 1047) obtained from p-chloro-w-bromoacetophenone and potassium thiocyanate did 
not depress the m.p. on admixture with the above product. 

2-Hydroxy-4-phenylthiazole was prepared at first by the method of Arapides (loc.cit.). 
A more convenient method has been developed. Sulphuric acid (0.5 ¢.c.) was added to 
w-thiocyanoacetophenone (5 g.), dissolved in hot acetic acid (11 c.c.) containing water 
(1 c.c.). On heating on a water-bath crystals of thiazole started separating within a 
few minutes. After one hour the mixture was diluted with water, and the solid collec- 
ted, washed with water and crystallised from 80% dilute ethanol ; its m.p. and mixed 
m.p. with the sample prepared by the method of Arapides (loc.cit.) being 203-204°. 
This method is being developed further for the preparation of other hydroxythiazoles. 


Attempted Condensation of Ethyl Anthranilate Hydrochloride with 
2-Hydroxy-4-phenylthiazole 


(a). A solution of ethyl anthranilate hydrochloride (1.13 g. and 2-hydroxy-4-phenyl- 
thiazole (1 g.) in ethanol (20 c.c.) was refluxed for S hours. After cooling, a brownish 
solid (0.8 g., mp. 202°) was obtained in a crystalline condition. This was found by 
mixed m.p. to be the origina! thiazole. The alcoholic filtrate on dilution and _basification 
gave a very small amount of a sticky substance which could not be worked up. 

(b). The two constituents in the same quantities as above were heated at 160° for 
10 hours, dissolved in hot ethanol, and filtered. This gave 0.8 g. of the thiazole in a 
crystalline form, ‘The alcoholic filtrate from this did nat give workable solid, 
7~—1851P—11 
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Attempted Condensation between Ethyl Anthranilate and 2-Hydroxy-2-phenyl- 
thiazole.—A solution of the two constituents (1.0 g. and 0.9 g. respectively) in ethanol 
(20 c.c.) was refluxed for $ hours. The solid (0.7 g.) collected on cooling proved to be 
the original thiazole, indicating absence of any reaction with ethyl anthranilate. 


Attempied Condensation of p-Chloro-w-thiocyanoacetophenone with Ethyl Anthra- 
nilate—The two constituents (5.0 g. and 4.0 g. respectively) were taken in absolute 
ethanol (85 c.c.) aud refluxed for 54 hours. The clear solution on cooling gave a crys- 
talline solid (4.2 g.), m.p. 136°. This was found to be identical with p-chloro-w-thio- 
cyanoacetophenone by mixed m.p. The filtrate after removal of the sold gave 
another 0.2 g. of the substance on keeping. The filtrate from this was treated with 
ethereal hydrogen chloride. The solid (4.1 g.), thus obtained, was crystallised from 
acetone, m.p..176°, found to be identical with ethyl anthranilate hydrochloride through 
mixed m.p. 

Condensation of Ethyl Anthranilate Hydrochloride with w-Thiocyanoacetophenone.— 
A solution of the two constituents (5 g. and 4.5 g. respectively) in ethanol (50 c.c.) was 
refluxed for 6 hours. On distillation of ethanol and subsequent basification it gave the 
same thiopegan derivative (4 g.) as obtained by the condensation of 2-carbethoxyphenyl- 
thiourea with w-bromoacetophenone, the m.p. and the mixed m.p. being 253-54°. A 
small amount of a yellowish oil was also obtained but this could not be worked up. 


Condensation of Ethyl Anthranilate Hydrochloride with p-Chloro-w-thiocyano- 
acetophenone.—The two constitutents (1.84 g. and 1.95 g. respectively) were taken in 
ethanol (40 c.c.) and refluxed for 6 hours; the solvent was removed by distillation and 
the residue basified with sodium carbonate solution. The solid (3 g.) was collected, 
washed with water and crystallised from dilute alcohol, m.p. 268°; yield 1.10 g. This 
compound did not depress the mixed m.p. with the product obtained by the condensa- 
tion of 2-carbethoxyphenylthiourea with p-chloro-w-bromoace:ophenone (loc.cit.). 

The authors are grateful to Dr. S. M. Mukherjee, Head of the Chemistry Department, 
for his kind interest in the work, 
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THE CHEMISTRY OF THIURAM SULPHIDES AND ALLIED COMPOUNDS. 
PART I. PYROLYTIC DERANGEMENT OF TE’ TRAMETHYL- AND 
TETRAETHYL- THIURAM DISULPHIDES. THEIR ROLE AS 
VULCANISATION AGENTS 


By R. H. SAHASRABUDHEY AND K. L. RADHAKRISHNAN 


When tetramethy!thiuram disulphide (I) is subjected to dry distillation above its m p., CSy, S, 
and tetramethvIithiocarbamide are the principal products. Its tetraethvl analogue (IT), however, when 
similarly treated, gives CS, and diethylammonium diethyldithiocarbamate and small quantities of 
tetraethvithiocarbamide. The mechanism of these decompositions has been discussed and evidence 
aiduced to show that in both cases monosulphide and sulphur are the primary products Incidentally 
the pyrolytic decompositions of the corresponding thiuram monosulphides, dialkylammoniom 
dialkyldithiocarbamates, and the Na and Zn salts of diethvidithiocarbamic acid have been inves- 
tigated. In the light of these results the role of tetramethvl- and tetraethvl-thiuram ‘disu'phides and 
related compounds as rubber vulcanisation agents and accelerators has been discussed. New 
structures are suggested for thiuram monosulphides and dialkylammonium dialkyldithiocarbamates. 


Tetramethyl- and tetraethyl- thiuram disu!phides and tetramethylthiuram monosul- 
phide are vulcanisation agents of outstanding importance. [heir value lies in their 
‘direct’ and ‘persistent’ vulcanising and accelerating action. The present investigation 
was carried out with a view to throwing light on their role in vulcanisation and also 
to elucidating their ‘structure’ which, there are reasons to believe cannot be represented 
by the conventional representations (I—III) (Braun, Ber., 1902, 35, 817; 1903, 36, 2280; 
Koch, J. Chem. Soc., 1949, 402): 


Me:N.C S.S.C.NMe, Et,N.C.S.S.C.NEt, Me,N.C.S.C.N Me, 
I Il | I t | 
s S Ss Ss s §s 
(I) (IT) (III) 


TetramethsIthiaram disulphide. Tetraethylthiuram disulphide. Tetramethylthiuram monosulphide. 


Pyrolytic decomposition of (I) has been reported to yield tetramethylthiocarbamide, 
sulphur and CS, as the principal products (Sahasrabudhey, this Journal, 1951, 28, 342; 
Bloomfield, J. Polymer Sci., 1946, 1, 316, quoted by Koch, loc. cit., p. 403 amd 404). 
(II), however, showed formation, mainly of carbon disulphide, and a highly volatile 
solid ‘m.p, 81-82°) which was supposed to be diethylthioformamide (cf. Sahasrabudhey 
and Seshadri, Proc. Ind. Sci. Cong., 1952, Part III, pp. 83). But it has now been shown 
to be identical with diethylammonium diethyldithiocarbamate (IV) (Grodzki, Ber., 1881, 
14, 2756): 

(A) R,N.C.S.S.S.S.C.NR, —> CS,+R.,N.C.S.N.R, +S, where R is a methyl group. 
(B) —> CS,+R.,N.C.S.SH,HNR,, where R is an ethyl group. 
(IV) 














854 R. H. SAHASRABDUHEY AND K. L. RADHAKRISHNAN 


The marked difference in the main decomposition product from the two homologous 
compounds indicates the need for a more detailed and closer scrutiny of these derange- 
ments. 

A reinvestigation has confirmed the above findings. In addition, it has now been 
shown that the corresponding monosulphides ar: probably the first decomposition pro- 
ducts which, since they have lower melting and decomposition temperatures than the 
corresponding disulphides, undergo further derangements and cannot be isolated as such 
in any considerable quantity by this method. In the case of tetramethylthiuram 
disulphide, dimethylammonium dimethyldithiocarbamate (Delepinc, Bull. soc. chim., 
1910, iv, 7, 989), corresponding to (IV), which is formed in large yields from tetraethyl- 
thiurain disulphide, could not be obtained except in one experiment when it formed a 
sublimate of less than 0.1 g. from about 10g. of (I), decomposed at 150°-160°. 
At higher temperatures (180°-2c0°) even this small quantity was not formed. It was 
probable that the methyl analogue of (IV) being somewhat less volatile and more saline 
in character than the latter, might have decomposed as soon as it was formed. To find 
out whether (III) and (IV) and their ethyl and methyl homologues respectively were 
intermediate stages in the derangements (A) and (B! or represented only side reactions, 
their decomposition was also investigated. The results are summarised below : 

(III) on being decomposed pyrolytically above its melting point gives mainly 
tetramethylthiocarbamide and CS,. 

Me.N.CS.S.SC.NMe, —> Me,N.C.S.NMe, +CS;. 
On the other hand, tetraethylthiuram monosulphide on similar treatment gives diethy!- 


ammonium diethyldithiocarbamate as the principai product with a considerable quantity 
of CS, and tetraethyithiocarbamide in smaller quantity (Delepine, loc. cit., pp., 989, 992): 


Et,N.CS.S.SC.NEt, —> Et,N.C.S.SH, HNEt, + CS, + Et.N.C.S.NEt, 


The diethyiammonium diethyidithiocarbamate is very stable towards pyrolysis; 
it distills unchanged at 125°. Even when heated at 125° for 3 hours in a sealed tube, it 
remained practically unchanged. On the other hand, dimethylammonium dimethyldi- 
thiocarbamate, which can also be distilled unchanged, decomposes more easily under 
similar conditions, liberating H.S and S in the sealed tube experiments and a consider- 
able amount of tetramethylthiocarbamide on prolonged heating under reflux. 

‘The decomposition of closely related sodium and zinc saits of the diethyldithiocar- 
bamic acid was also investigated. Both gave diethylammonium diethyldithiocarbamate 
as the principal product along with varying quantities of CS., H,S and the corresponding 
metal sulphides. 

Pyrolysis of the mixtures of tetramethyl- and tetraethylthiuram disulphides did not 
reveal the formation of any ‘mixed’ product. , 


EXPERIMENTAL 


Pyroiytic Decomposition of Tetramethylthiuram Disulphide (I) 


The compound (20 g.) was taken in a too c.c. r.b. flask fitted with a horizontal 
Liebig’s condenser, and heated in an oil-bath up to 200° during 2 hours. CS, {2 ¢.c.) 
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distilled over. The aqueous extract of the residue on evaporation gave tetramethyl- 
thiocarbamide (6g.), m.p. 78°. The non-extractable residue weighed 2-3 g. and was 
mainly suiphur. Tetramethylthiocarbamide being steam-volatile and could not be 
extracted quantitatively; benzene extraction gave a rather impure sample (8 g.). 


Gaseous products comprising mainly the vapours of the above substances were 
examined. Free amine and hydrogen sulphide were not detected in any considerable 
quantity. ‘The aqueous or benzene extracts did not contain any dimethylammonium 
dimethyidithiocarbamate. 


In decompositions carried out at 150°-160°, in one experiment, a few needle-shaped 
crystals formed a sublimate in the neck of the flask (m.p. 132°) and were identified 
with dimethylammonium dimethyldithiocarbamate. The residue consisted of tetrame- 
thylthiocarbamide mixed with a few deep yellow needles (m.p. 107-108°), identified 
with tetramethylthiuram monosulphide by mixed m.p. (Braun and Stechele, Ber., 1903, 
36, 2280). 

Pyrolytic Decomposition of Tetraethylthiuram Disuiphide (II) 


Compound (II, 50 g.) when similarly decomposed (vide supra) gave about 
35 g- ofa distillate up to 200°, a part of which solidified in the condenser. On 
redistillation it gave ‘i) 8-10 g. of CS,, (ii) 16-18 g. of a pale yellow solid and, (iii) about 
6 ¢.c. of a liquid boiling above 200°. The ‘iii) on fractional distillation gave a further 
quantity of the pale yellow solid, and (iv), a pale brown, foul smelling liquid, b.p. 260°- 
270°. The residue from the original flask also gave a further quantity of the liquid, of 
b.p. 260°-270°. 

The pale yellow solid, freely soluble in most organic solvents and water, crystallised 
from ether, m.p. 81°; b.p. 125°. [Found: S, 29.14, 29.35; N, 13.26. Calc. 
for Et,N.CS SH,NHEt, :S, 28.82; N, 12.61 per cent). It isa rather unstable substance 
and decomposes into diethylamine, especially in presence of moisture. On treatment 
with cold alkali it liberates one full equivalent of amine, while on boiling with moder- 
ately strong sulphuric acid 2 equivalents of amine and 1 of CS, are produced. Its 
aqueous solution with iodine gives a white precipitate, m.p. 70°, identified with (IT). 
The identity of the compound with diethylammonium diethyldithiocarbamate was 
established by mixed melting points. By analogy with (I) tetraethylthiocarbamide was 
also expected to be formed. The liquid of b.p. 260°-270° was found to be identical with 
this (b.p. 267°} as indicated by the analysis. (Found: N, 14.56; S, 18.38. Calc. 
for Et,N.CS: N, 14.89 ; S, 17.05 per cent). 

(II), when heated for some time at 100°, gave a viscous reddish mass, soluble in ben- 
zene, to which it imparted a red colour. This might be due to the presence of tetraethyl- 
thiuram monosulphide (vide infra). 

Preparation of Tetraethylthiuram Monosulphide.—Tetraethylthiuram disulphide 
(5 g.) was boiled with 50 c.c. of 50 % alcohol containing 2g. KCN. A dark red viscous 
liquid covered with a supernatant red solution was obtained. It was separated and dried 
over the water-bath, then dissolved in benzene and dehydrated over calcium chloride. 
Oti-evaporation of benzene a very viscous, dark red liquid was obtained which could not 
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be solidified even when exposed to -20°. (Found: N, 11.41; S, 35.99, 36.44. Calc. for 
Et,N,C,S,: N, 10.6; S, 36.37 percent). Molecular weight was determined by Beckmann’s 
procedure using benzene asthe solvent: M.W. (found), 268.7, 271.8, 262.8 (calc, 
for Et,N,C.S,;: M.W.. 264). 

Pyrolytic Derangement of Tetramethyl- and Tetraethyl- thiuram Monosulphides 

Compound (III, 10 g.) was dry distilled at 220°-280°. The distillate weighed 3 g. On 
redistillation it gave CS, and a solid (m.p. 78°) identified with tetramethylthiocarbamide. 
No dimethylammonium dimethyldithiocarbamate was detected either in the distillate 
or in the residue which contained a large quantity of tetramethylthiocarbamide. 


Tetraethylthiuram monosulphide (2 g.) was distilled at 200°-210° when 0.5 g. of a 
pale yellow solid distilled out, m.p. of crystals from ether, 81-82°. They were identified 
with diethylammonium diethyldithiocarbamate ; carbon disulphide in considerable 
quantity was also detected in the distillate. On raising the temperature a second fraction 
of about 1 g. was collected at 260°-270°. It was identified as tetraethylthiocarbamide. 


Behaviour of Diethyl- and Dimethyl- ammonium Salts of corresponding 
Dialkyldithiocarbamic Acids on Pyrolysis 


The diethylammonium diethyldithiocarbamate (m.p. 81°) distilled undecomposed 
at 125°; on boiling the substance for 1 hour under a reflux condenser no change was 
observed. The substance (5 g.} was therefore heated in a sealed tube at 125° for 
3 hours. A dirty brown solid product (m.p. 74-76°) was obtained. On distillation it 
gave more than 4g. of the pure original compound aud no other product. It was 
clear therefore that no perceptible decomposition had taken place. 


The dimethylammonium dimethyldithiocarbamate (m.p. 132°) also distillsed un- 
changed at 140°. The substance (5 g.) was heated at 140°-145° for 3 hours in a sealed 
tube. A dark liquid was obtained with some crystals which were identified with sulphur. 
The tube also contained a lot of hydrogen sulphide. Odour of tetramethylthiocarbamide 
was perceptible but this could not be isolated. 

Dimethylammonium dimethyldithiocarbamate behaved differently when subjected 
to prolonged heating under a reflux condenser. It (3 g.) was heated under along air 
cooled condenser at 140°-145° in an oil-bath for 2 hours, pushing down the sublimate 
every half an hour. The contents were extracted with ether which on evaporation 
left hexagonal crystals embedded in a viscous oily residue. The crystals (about o.5 g.) 
melted at 78° and were identified with tetramethylthiocarbamide. 


Pyrolytic Decomposition of Zinc and Sodium Salts of Diethylammonium Diethyl- 
dithiocarbamate.—The zinc and sodium salts (5 g.j, when dry distilled at 250° and 
at 140°-150° respectivly, gave mainly diethylammonium diethyldithiocarbamate (1 to 
1.5 g.), CS,, H,S and the corresponding metal sulphide. 


DISCUSSION 


Preliminary experiments on the decomposition of mixtures of the above two thiuram 
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disulphides do not reveal the formation of any ‘mixed’ product ; the derangements 
are probably intramolecular and may be represented by the following schemes* : 


«Me,N.CS.SH,HNMe, 
-§ : : 


Me,N.CS.S.S.SC.NMe, —> MewN.CS.S.SC.NMes€ og | -#iS  () 
™MeN.C.S.NMe, 
aEt.N.C.S.SH, HNEt, 
Et,N.C.S.S.8.SC.NEt, —> EUN.C.S.S.8.C.NEt, 7 i -H,8 sen <a) 


. 


-CS, *Et.N.C.S.NEt, 


Koch (loc. cit.) has suggested the following mechanism for the derangement of 
tetramethylthiuram disulphide : 


me ae 6g ys SN Me, 
" S——s. _/N Me, s=C~ yA 
he F———— : CY c¢ Me,N | 

NMe, | —— S 

u S 


In the light of the experimental results, now described, it appears more probable that 
the monosulphide (and possibly the dialkylammonium dialkyldithiocarbamate also to 
‘some extent) is an intermediate stage which precedes the formation of tetra-alkylthiocar- 
bamide. The monosulphide itself can be formed by one of the following processes : (i) By 
the elimination of an atom of sulphur as often happens in the case of polysulphides, and 
the cyclisation of the residue (cf. the cyclisation of diethylhydrazodithiocarbonamide 
on heating; Freund and Imgart, Ber., 1895, 28, 951). (iii) Under the influence of 
thermal agitation homogeneous free thiy] radicals are produced froin thiuram disulphide 
(Koch, loc. cit.); these under the influence of a reducing agent (like KCN) or other- 
wise might undergo disproportionation and the electron deficient (the positively charged) 
fragment loses an atoin oi sulphur and the residue so produced ‘Me,N =C=5)" conden- 
ses with the negatively charged fragment —_— to give the monosulphide, 

Thus, Ss 


Me,N.CS.SC.N Me, —> 2Me,NCS- —> Me.N.CS : + Me,NCS* 
lil I | l 





s § S Ss) S 
\ ~ 9 
{JE S)-8 NN \ S \ 
Me,N{ | or Me,N.CSC.NMe, <— MesNCC te +Me,NC}® +8 
C ——-f li | ‘S | 
l SS S 
N<Me, ee 2 ad 


(V) (111) 


* Arrows with broken lines indicate the less probable or minor route of the change. 
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The formation of CS, and tetra-alkylthiocarbamide can most easily occur from the 
structure (V). Thus, 


Ycisi—-s 
MeN ~ |... —> CS, + Me,N-C-NMe, 
cn S i] 


A ar a | 


NMe; 


The structure (V), assumed above for the monosulphide is, however, different from the 
one hitherto assigned (III' to this substance; it is based 0, a modified isopersulphocyanic 
acid framework which is common to ‘‘mustard oil sulphides’’ and oxidation products 
of monoalkylthiuram disulphides, and which like (V) gives the corresponding thiocar- 
bamides and CS, on decomposition. A comparison of the composition, melting points 
and colour of some of these compourds, shown in Table I, is indeed suggestive 
of their structural affinities. 


Oo 


Ww 


TABLE I 
Compound. Composition. M.P. Colour. Reference. 
zt. Dimethylthiuram disulphide RyC3HyNgS, = 109" Colorless Freund, & Asbrand Anna- 
len, 1895. 285, 176; Ber., 
1902,38, 821. 
2. Oxidation procuct of 1 ReCyN2S, 86° Yellow * Freund et al., loc. cit. 
3. Methyl mustard oil su!phide Do 86” Yellow Do; also Hantzsch and 
Wolvekamp, Annalen, 1904, 
331, 279. 
4. Diethylthiuram disulphide RygCyHyNeS,4 78° Colorless F:eend & Bachrach, Anna- 
len, 1895, 285, 191. 
5. Oxidation product of 4 R,C3N,S; 29.5° Ycllow Braun, Per., 1902, 35, 819. 
6. Ethyl mustard oil sulphide Do 29.5° Yellow Freund & Bachrach, lec. cit. 
Hantzach & Wolvekamp, 
Annalen., 1904, 331. 281. 
7. Tetramethylthiuram disulphide RgCyNoS,4 147° Colorless Praun, loc. cit., p. 820. 
8. Tetramethy!thiuram monosul- RyCoN2S; 14° Deepyellow Braun&Stechele, Ber., 1903, 
phide 36, 2280. 
9. Tetraethylthiuram disulphide RyCyN.S, 70° Colour-less  Grodzki, Ber., 1831, 14, 2756 
10. Tetraethylthiuram monosulphi 'e RyC)N,S3 Liquid Deep red Vide Experimental, 
11. N:N’-Dimethyl-N :N’-dipheny]- RyCoNoSy 198° Braun, loc. cit., p. 820, 
thiuran: disulphide 
12. N:N’-Dimethyl-N :N’-dipheny!- RyCyN2S;3 150-51° Braun & Stechele, loc. cit., 
thiuram monosulphide p. 2281. 
13. N:N’-Diethyl-N :N’-diphenyl- RyCoNyS, 169-70° Braun, Ber., 1¢02, 28, 82r. 
thiuram disulphide 
14. N:N’-Diethyl-N :N’-diphenyl- R,C2N,S3 115° Braun & Stechcle, Ber., 
thiuram monosulphide 1903, 36, 2282, 


* The monosuiphide is always coloured and has a melting point lower than the corresponding disul- 
phide. ‘his is evident in the cases cited and authentically known, 


The extraordinary stability of dialkylammonium dialkyldithiocarbamates to pyrolysis 
and their high volatility and solubility in most organic solvents are difficult to appre- 
ciate on asimple ammonium type salt structure, which no doubt is known to contribute 
to volatility. Their behavicur is in better accord with a structure of the type (VI) 
which has two hydrogen bonds and a six-membered ring : 
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(VI) 
Role of Thiuram Disulphides as Accelerators and Vulcanisation Agents 


The results reported in the precediug pages reveal the close interrelationships of 
dithiocarbamic acid type accelerators. The various derangements of these substances 
e (vide supra) give rise to, besides sulphur in Statu Nascendi and free ‘thiyl’ radicals 
like R.N.C(:S;S-which contain an activated sulphur atom, a host of other substances 


s which themselves are known a3 valuable accelerators and vulcanisation agents, e. g., 
'. thiuram monosulphide (‘Thionex, Vulcafor M.S.), dialkylammonium dialkyldithiocar- 
S bamates (D.D.C. and Ultra D.M.C.), and salts of dithiocarbamic acids with inorganic 
C bases (ZDC, SDC etc.) like zinc present in the ‘stocks’. The ‘persistent’ and powerful 


accelerating and vulcanising action of these compounds lies undoubtedly in the capa- 
city for cyclisation of their various derangements which during these changes provide 
small quantities of nascent or atomic sulphur, which is the principal vulcaniser. As is 
well known, it is the quality of this last rather than the quantity that is significant for 
- acceleration or/and vulcanisation : 


+8_ — 
4 ae +S 
i R,NCSSCNR, ._ 2 R,NCS” -» R:NCSCNR,; —> *R,NCSH,HNR,+CS, etc 
e 0 S Ss s——— S 


aaa | t 


+200 R,NCSZnSCNR, 





)  o 


| 
| 
alkali-oxidant R,NH + CS, | 
J 


<——_— —_ 


Ss) 
RNH, or other base ** 
——————-—-— > RNHC=S5 + S=CNHR +5 
| | 


NHR SH 
oxidation 
<-——-—_———_ 





Many of the vulcanisation accelerators are basic substances ‘Davis and Blake, 
“Chemistry and Technology of Rubber’, A.C.S. Monograph, No. 74, 1937, P- 293 ff) 
and the solvation of elementary sulphur and its regeneration in the activated states are no 
doubt some of the functions of these. By virtue of the existence of two atoms of tertiary 
nitrogen in the present compounds, it is probable that a part of their accelerating activity 

* Fromm, Ber., 190), 42, 1946; 1899, 32, 2245. 
** Fromm, Annalan, 1996, 348, 144. 
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might be along this conventional ‘pattern. However, in the light of the results, now 
reported, the compounds of thiuram group appear as vulcanisation agents primarily. 
Indeed, a very large proportion of their sulphur is like!y to be effective in the process 
The usefulness of thiocarbanilide, which also is a member of this group, depends 
on a similar mechanism, viz., cyclisatioa of derangements’ (especially in presence of 
added sulphur) and simultaneous production of basic substances like aniline and triphe- 
nylguanidine, which are established accelerators, and benzthiazoly] sulphide and disul- 
phide, known for their outstanding vulcanisation powers (cf. Davis and Blake, loc. cit., 


Pp. 312). 
Ss 
PhNHCSNHPh —> PhNCS — Diphenylthiuram monosulphide 
| 


—> PhNH, PhNH 
—_ »ce= NPh |} 
—> PhNCNPh PhNH ) 


H.S PhNHCSNHPh + CS, 
NH 
+8 SNA 


—>PhNCS —> +S 


C=S -—> disulphide 


el 


An added advantage of the dithiocarbamic acid derivatives is that the stocks cured 
by them have excellent ‘age retarding’ properties. These are probably due to: (i) the 
prolonged survival of the traces of these compounds or their derivatives with attendant 
slow decomposition and therefore continued vulcanisation which more than compen- 
sates the effects of deterioration due to ageing or oxidation; (ii) another factor that 
might contribute in this direction is the extraordinary case of reversible oxidation- 
reduction of tetrainethylthiocarbamice and possibly of its ethyl analogue which might 
act as antioxidants (Sahasrabudhey and Seshadri, this Journal, 1952, 29, gor). 

Sincere thanks of the authors are due to Principal S. S. Joshi for his interest. 
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f CHARGE AND STABILITY OF COLLOIDS. PART XVIII. 
> EFFECT OF NON-ELECTROLYTES 
|- 
- By A. C. CHATTERJ! AND PARAMHANS TEWARI 
The influence of non-electrolytes like methyl, ethyl, n-propyl, n-buty], n-amyl and n-hexy! alcohols 
on the kinetics of coagulation of arsenious sulphide and ferric hydroxide sols has been studied with 
Spekker absorptiometer. It has been observed that methyl and ethyl alcohols produce sensitisation 
on both the colloids at lower concentrations, but at higher concentrations of the alcohol content they 
show protection. It has also been observed that the iso-active concentration of methyl! alcohol is the 
same for both arsenious sulphide and ferric hydroxide sols, while it differs in the case of ethy! alcohol. 
In the case of n-propyl, n-buty! n-amyl and n-hexy] alcohols, only protection takes place at all con- 
centrations with both types of the sol. It has been shown that protection and sensitisation are not 
related to the nature of the charge of the colloids 
In earlier communications (this Journal, 1943, 20, 109; 19409, 26, 73; 1951, 28, 131 ; 
1953, 30, 415, 418) the effects of non-electrolytes like alcohols, acetone, ethylmethyl 
ketone, diethyl ketone, acetoacetic ester, paraldehyde, ethyl and methyl] acetates, 
agar-agar and gelatin have been studied. Generally, it was observed that protection 
j was produced irrespective of whether the sol taken was positive or negative. It was 
e observed further that the protective action did not necessarily depend upon imparting 
t a strong charge to the sol. In the case of some non-electrolytes like methyl alcohol 
: and dilute solutions of gelatin, a sensitisation was also observed. 
t A systematic study of the protective action of saturated alcohols ‘from methyl] to 
2 hexyl), both on posilively charged ferric hydroxide sol as well as on negatively charged 
t arsenious sulphide sol, has now been made with a view to ascertaining the mechanism 


of protection. The method employed is similar to that of Mukherjee and Majumdar 
(J. Chem. Soc., 1924, 125, 785). The progress of coagulation has been studied by 
observing the change in absorption values on a Spekker absorptiometer using nautral 
filters No. H508 of Kodak make. 

In a series of test tubes, 5 c¢.c. of the sol together with varying amounts of the 
non-electrolyte were taken (Ij. Into another series of test tubes the electrolytes with 
appropriate quantity of distilled water to make the volume of the mixture of the sol 
and the electro'yte to 10 c.c. were taken (11). The contents of (I) and (II) were mixed 
pouring back and forth five times in each case to ensure uniformity. 





The mixture was then transferred to the absorption cell (0.5 cm.). The absorption 
coefficient (log I,/I:) was determined at intervals of time with an accurate stop-watch till 
a steady stage was reached. A blank experiment on coagulation was also performed in 
each case with a sample to which no non-electrolyte was added. In the blank experiment 
sufficient amount of electrolyte was used to produce coagulation within one hour; the 






absorption coefficient of such a mixture of electrolyte and colloid only, was determined 
at varying intervals of time. 
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In the case of arsenious sulphide sol, 1 c.c. of N/100-BaCl, arid for ferric hydroxide, 
1¢.c. of N/100-K,SO, solutions were found to be sufficient to coagulate the sol in one 
hour. The amount of the electrolyte added was kept constant in al! the cases and the 
different amounts of various alcohols were mixed with the colloids to find out their 
effects. 

The sols were prepared and purified according to the details given by Yadav and 
Chatterji ‘this Journal, 1943, 20, 25). The results obtained with various alcohols are 
shown in TablesI and II. The values given are those of the absorption coefficient, log 


I, /It, denoted by K. 





TABLE I 
As.S; sol. 
Conc. of As,S,;=51.8 g./litre. 


A. K*x103 values in presence of MeOH. 











Time. 0.0%. 1.5% 1 0%. 1.5%. 20%. 30% 5-0%- 10 0% 
romin. 8.25 8.92 gil 9 55 9-98 9 59 9.45 9 33 
2.0 10.77 12.16 12.20 12 38 13.11 10.80 10.50 “ 
40 14.54 15.63 1€.84 17.15 18.10 14.85 14.33 13 89 
60 18.19 19.02 20.75 21.06 2.23 17 80 15.76 14.98 
8.0 20.75 21.71 23.02 23.23 24.66 20.63 17.85 15.63 
100 22.58 23.66 24 75 24.97 26.14 22 58 19 76 16.10 
120 23.23 24.97 26.06 26.14 26 84 23 00 20.75 16.41 
14.0 24.10 25 83 26.92 27 13 27 35 24 04 22 19 16 96 
16.0 24-75 26.92 27-44 27 57 27 80 ‘4.53 23.45 17 38 
208 25.96 27.35 28.20 iat ; 5 83 25 80 18.23 
240 26 71 a vee 28.57 28 57 26 70 26.60 18 9? 
28.0 27.13 28.40 28.64 27.13 20.40 
B. K X10° values in presence of EtOH 
0.0%. 0 5% 1.0%. 1.5%. 2.0%. 3.0%, 5 0%. 
1.0 8.25 8.68 g-11 8.46 8 03 7 81 7.81 
2.0 10.77 11 07 11.38 10.77 10 20 9-98 9 45 
4.0 14-54 14.85 15.20 14-54 13.98 13 24 11.81 
6.0 18 2 een 18.58 17.37 16.15 15.41 13.68 
8.0 20.63 20.75 21.06 19.32 18.19 17.37 14.76 
10.9 22.58 22 80 22.85 20.93 19.76 18.67 19.59 
12.0 23-23 23-45 24 10 22.23 20.63 19.54 17.37 
14.0 24.10 24.53 24.75 22.93 21.50 2.63 un 
16.0 24.75 25.19 25.40 23 88 22.58 21.50 18 88 
200 25.83 26 40 26.53 25.40 24.10 23.02 19 75 
24.0 26.92 27.13 27.35 26 40 25.13 24 31 20.63 
28 0 27.35 27 57 27.70 26.84 26.05 25.63 22.15 
C. KX 103 values in pressnce of n-PrOH. 
» 0%. 5% 1.0%. 1.5% 2.c% 3 0%. 50% 
10 8.25 8.03 8 03 7.60 7 38 7 03 6 51 
2.0 10 77 10 34 10.20 9.44 8.90 8 46 7 82 
4.0 14.76 I41I 13 68 12.60 11.72 10.77 8 68 
6.0 18.19 17 20 16.41 14.85 13.46 12 16 955 
8.0 20.43 19 88 18.46 16 28 15-20 12.81 forp 
100 22.58 21.50 19.76 17.60 16.07 13.57 - 
12.0 23.23 ae 21.36 18.63 17-15 14.10 10.77 
14.0 24.10 23°45 22.49 19-54 17 80 14.76 11.07 
16.0 24.75 24.00 23.45 20.41 18 58 a ea 
20.0 25.83 25.40 24.75 21 93 19 54 dea 12.16 
24.0 26.93 26 49 25.83 23.02 20 84 17.37 12.81 
28.0 27.35 26 92 26.92 23.88 21 80 18 02 13 40 
32 0 27-57 27 35 27.37 24.97 22 80 18.58 14 32 
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" Tasie I (contd.) 
fe As.S; sol. 
4 D. K.103 values in the presence of n BuOH. 
ir Time. 0.0%. 0.5%. 1.0%, 1.5%. 20%. 3.0%. 
1.0 min. 8.25 8.03 7.38 6 79 6.66 5 86 
d 2.0 10.77 10.40 8 90 8.25 7 82 6.73 
4.0 14.76 13.89 11.63 10 77 10 20 8 25 
e 6.0 18.23 15.96 13.68 12 60 9.12 
: 8.0 20.63 19.32 — 13.68 12.16 
8 10.0 22 58 21 28 16 28 14.58 12.81 9-77 
120 23 23 22 58 17.15 15 20 13 46 
14.0 24.10 23.66 18.46 16 2 13.90 
16,0 24.75 24.53 18.88 16.75 14.33 10.20 
20.0 25 83 25.62 20.06 17.54 14.98 10.64 
24.0 26.92 26.70 20.93 18 46 — 10.98 
28.0 27.57 27.37 22.06 19.54 16.59 - 
49.9 27.89 27.84 24.31 20.71 18.88 12.38 
E. K x10 values in the presence of 
n-amy] alcohol. n-hexy! alcohcl 
Time. 0.9%. 0.025%. 0.05%. 1.075%. 0.1%. 0.02%. 0.04% 0 06% 0 08%. 
1.0 min. 8.25 8.03 7.60 6.73 6.51 8.93 8.03 7.81 : 
2.0 10.77 10.64 9 90 8.25 7.92 10.64 9.98 on 9-70 
4.0 14.07 14.24 13.55 10.77 14.54 14.48 13.68 13.68 
6.0 18.23 17.37 16.07 12.81 12.16 17.15 16.96 16.14 15.85 
8.0 20.63 19.54 18.02 14.33 13.44 19.32 19.11 18.32 17.80 
10.0 22.58 21.50 19.45 15.94 14.54 20.75 20.32 19.76 19.32 
12.0 23.23 22.80 19.88 16.96 22.00 : “i 20.50 
14.0 24.10 23.66 al 18.02 16.28 22.80 21.93 21.50 21.29 
16.0 24.75 24.53 21.71 18.88 am 23.36 22.8) 22.50 21.93 
20.0 25.83 25.07 23.23 19.97 18.02 24.83 25.00 23.96 23.39 
24.0 26.92 26.70 24.44 21.06 19.11 26.28 26.10 24.83 24.40 
28.0 27.35 27.13 ra 21.50 26.83 26.49 26.05 24.97 
32.0 27.77 ae 25.83 22.80 20.84 27.35 26.96 26,66 26.14 
TABLE II 
Iron hydroxide sol. 
Conc. of the sol. = 38.60 g. Fe,(,/litre; 0.0172 g. Cl,/litre. 
K Xx 103 values in presence of alcohol. 
Time. 0.0% 5%. 1.0%. 1.5%. 2.0%. 5.0%. 5.0%. 
A, Methy!] alcohol. 
1.0 min. 18.67 19.75 19.97 20.41 21.28 18.67 15.49 
1.5 18.88 19.97 20.20 20.63 21.41 18.88 18.67 
2.0 19.10 20.20 20.04 20.84 21.71 19.10 18.67 
3.0 19.10 20.20 20.64 20.84 21.71 19.10 18.67 
4.0 19.10 20.20 20.64 20.84 21.71 19.10 18.67 
B. Ethyl alcohol. 
9.75 15.07 20.06 21.28 2U.75 20.41 19.34 18.07 
1.5 18.88 20.32 21.50 20.84 20.63 19.97 18.88 
2.0 19.10 20.41 21.71 21.20 20.63 20.20 19.07 
3.0 19 10 20.41 21.71 21.20 20.63 20,20 19.07 
4.0 19.10 29.41 21.71 21.20 20.63 20,20 19.97 
C. n-Propy! alcohol. D. n-Buty! alcohol 
0.0%. 0.5%. 1.0%. 1.5%. 2.0%. 5.5%. 1.0%. 1.5%. 2.0%. 
0.75 min. 18.46 17.72 15.85 15.50 15.00 5.41 14.76 13.24 13.24 
1.5 18.67 18.02 16.07 15.85 15.50 15.63 14.98 13.46 13.46 
2.0 18.88 18.23 16.28 15.85 15.64 15.85 15.40 13.46 13.46 
3.0 18.88 18.23 16,28 15.85 15.64 15.85 15.40 13.46 13.46 
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TABLE II (contd. 


E. n-Amyl alcchol. I’, n-Hexyl alcohol. 
ne a a ee ee ee jects nein tiles <a> imnaneataladaliio, 
Time 0.0% 0.025%. 0.05%. 0.075%. 0.1%. 0.02% 0.04% 0.06%. v.08%. 
075 18.67 17.80 17.15 16.60 16.50 16.50 15.85 15.50 15.51 
1.5 18.88 18.02 17.37 17.15 16.85 16.72 16.07 15.63 15.51 
2.0 Ig.10 18.23 17.72 17.15 15.85 16.96 16,.°7 15.63 15.87 
3.9 19.10 18.23 17.72 17.15 18.85 16.96 16,07 15.63 15.87 


DISCUSSION 


From the observations (Table I, a,n & Table IJ, a,p) we find that the K values first 
increase with increasing concentration of methyl alcohol and ethyl alcohol for both the 
colloids which show a lesser amount of colloid content in the sol. This means sensitisa- 
tion taking place. We further notice that in case of methyl alcohol, the decrease in K 
values begins from 3% onwards, whereas in the case of ethyl alcohol, the decrease starts 
from a much lower value of alcohol content. Thus it is evident that methyl and ethyl 
alcohols both have sensitising action on both the colloids, used at lower concentrations of 
the alcohols ; when the concentration is increased they also show protection. The 
concentration to produce protection in the case of methy] alcohol is quite high (5.0%) 
as compared to ethyl alcohol (1.5%). The stage where sensitisation just ceases and 
protection has not yet come into play is called iso-active point by Williams and Chang 
(J. Phys. Coll. Chem., 1951, 55, 719). It is interesting to note that the iso-active concen- 
tration of methyl] alcohol, both in the case of arsenious sulphide and ferric hydroxide sols 
as derived from Tables I and II, a-s, is the same, i.e. about 3.0% of the alcohol content 
except in the very early stage of observation of within one minute. ‘This is interesting 
because both the positively and negatively charged colloids give the same iso-active con- 
centration, which points out that probably sensitisation has very little to do with di- 
minution of charge on the colloids. 

In the case of n-propyl, n-butyl, n-amyland n-hexyl alcohols, the K values go on 
decreasing at all concentrations of the alcohols used (Tables I,c-£, I). This shows 
that there is no senstisation with any of these alcohols, and the sols are stabilised at all 
concentrations of these alcohols. In this series of our studies it appears that protection 
and sensitisation are not related to the nature of the charge of the colloids. 

The study of sensitisation and protection of various other non-electrolytes will be 
continued simultaneously with the study of zeta-potential, electro-kinetic mobility and 
other properties of the colloida! mixtures with a view to ascertaining the existence of any 
relation between sensitisation and protection on the one hand and the above properties of 
the sol on the other. 


One of us (P. H. T.), is thankful to the Government of India, for the award of a re- 
search scholarship. 
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STUDIES IN THARAPEUTICS. PART III 


By M. S. DxHatt AND K. S. NARANG 


Several 4-keto-3 : 4-dihydroquinazolyl-2-mercaptoacetanilides have been prepared to test their anti- 
bacterial properties 


It is well known that juice of garlic has antiseptic properties. It is said to be 
beneficial in the treatment of T. B., the active compaond being allicin (I) : 


H,C = CH—CH,—S—S—CH.—CH = CH, 
¥ 


O 
(1) 


Freedlander and French ‘Proc. Soc. Exp. Biol. Med., 1946, 68, 361) have found 
that halogenated diaryl sulphides possess high antitubercular activity in vitro. The 
anilides, antifebrin and phenacetin, are valuable antipyretics. It was considered 
worthwhile to prepare 4-keto-3 : 4-dihydroquinazolyl-2-mercaptoacetanilides of the struc- 
ture (II) for testing their antibacterial properties. 

CO 


NH * 


ON Af 
| a, 

\4\ ’ UN _ /SHCOHN—C D—Rk 

(II, R = H or Me; R’, R” = H or other groups) 


These compounds possess sulphide linkage and two amidic groups which enable the 


compounds to have some solubility and penetration in the system. 





The compounds have been prepared by condensing »-haloacetanilides with 4-keto- 
2-thiotetrahydroquinazuline (III) and its 6-methyl derivative in dilute alcoholic alkaline 
solution at ordinary temperature. 


EXPERIMENTAL 


Preparation of (II).—The following is the general method of the preparation of 
these compounds (Table I). A solution of w-haloacetanilide {1 mole) in ethanol {25- 
30 c.c.) was added dropwise toa solution of (III) or its 6-methyl derivative (1 mole) in 
sodium hydroxide (1 mole) in 45 c.c. of water. The product started separating imme- 
diately. This was collected after 45 minutes, washed with water and crystallised from 
glacial acetic acid in tiny white crystals. All the compounds started subliming at 240° 
before melting at a higher temperature. 


866 


M. S. 


haloacetanilides - 


Haloacetanilide. R in (TI) 
w-Bromoacetanilide H 
w-Bromcacet-o-toluidide H 
w-Chloroacet-p-toluidide H 
w-Chloroacet-p-ansidide H 
w-Bromeacet-p-chloroanilide H 
w-Bromoacetanilide CH, 
w-Bromoacet-o-toluidide CH; 
w-Chloroacet-p-toluidide CH; 


w-Bromoacet-p-chloroanilide CHy; 


HOSHIAKPUR, W 
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TABLE I 


Vield. M P. 


85% 2°52 
9? 249-50 
Fo 263 64° 
80 262-63° 
79 265 

° 
92 272 
89 259-60° 
75 2tio° 
S- > 


S. NARANG 


Formula 


C; 7H) 36 gN3S 


C)7H);02N35 
C)7H)s0,N,S 
Cy7H,503N;S 
C)¢H),02,N3SC1 
Cy7Hys0,N3S 
C)gHj7O2.N;S 
CygH70O2.N,3S 
Cy7Hy4O2_NSCl 


Condensation of (III) and its 6-methyl derivative with various 
Formation of (II). 


Found. 


C, 61.60%. 
H, 4.15 
N, 13.10 
N, 12.40 
N, 12.80 
N, 12.50 
N, 12.10 
N, 13.10 
N. 11.60 





Analytical results 


Calc. 


61 73 “0. 


4.18 


Received July 12, 1954. 
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A NOTE ON CHALKONES DERIVED FROM 
QUINACETOPHENONE MONOETHYL ETHER 


By C. C. Pater AND N. M. SHAH 


In contrast to the ovservations of Kostanecki and co-workers (Ber., 1904, 87, 773, 
960, 2349; 1899, 82, 322, 1929; 1900, 38, 1480, 2509), Vyas and Shah (this Journal, 1951, 
28, 75) successfully obtained the chalkones along with the flavanones by condensing the 
monomethyl ether of quinacetophenone with various aldehydes in presence of alkali. In 
this note, this investigation has been extended to the condensation of quinacetophenone 
monoethy] ether with different aldchydes, and we have successfully obtained the chalkones 
with (1) benzaldehyde, (2) o-ethoxybenzaldehyde and (3) salicylaldehyde. To prevent the 
formation of the flavanone, the reaction was carried out at room temperature by adjusting 
the. period of the reaction using different concentrations of alkali. It is found that 40% 
alkali gives the optimum yield of the chalkone and the flavanone in case of benzalde- 
hyde and that the chalkone alone is obtained if the condensation is allowed to proceed for 
2 hours only; but if the period of the reaction is extended to 24 hours, only the flavanone 
is obtained. In the case of salicylaldehyde, if 40% alkali is used, the period of reaction 
has to be extended to 48 hours as unchanged quinacetophenone monoethy] ether is 
recovered after 24 hours, the chalkone being easily obtained with 75% alkali in 24 hours. 

The results obtained support the observations of Vyas and Shah (loc. cit.) and 
supply the evidence that the chalkone formation is positive also in the case of quinaceto- 
phenone monoethy] ether if the experimental conditions are properly adjusted. 

Quinacetophenone monoethy] ether required for this work was prepared according 
to the method similar to that used for its methylation (Vyas and Shah, this Journal, 1950, 
27, 1&9). 

2-Hydroxy-5-ethoxychalkone.—The monoethyl ether (0.3 g.) and benzaldehyde 
(2 g.) in alcohol (20 c.c.) were treated with potassium hydroxide (20 c.c., 40%) gradually 
with shaking, in a flask sealed with paraffin and kept at room temperature for 2 hours. 
The colour of the mixture changed from yellow to red. It was then diluted with ice 
water and acidified. The solid was washed with little cold alcohol and then crystallised 
from hot alcohol in red needles, m.p. 88-89’, yield 2.0g. Simonis and Lear (Ber., 1926, 
59, 2008) record m.p. 83°. 

6-Ethoxyflavone, obtained by isomerising the above chalkone with alcoholic HCl 
(3%), crystallised from alcohol in pale yellowish needles, m.p. 102-103°; mixed m.p, 
with authentic sample was undepressed (Kostanecki, Ber., 1899, 32, 330). 

2-H ydroxy-2' :5-diethoxychalkone, prepared by similarly ccndensing 2-ethoxy- 
benzaldehyde using 75% alkali (period 24 hours), crystallised from alcohol in red lustrous 
needles, m.p. 98°, yield 3g. (Found:C, 72.9; H, 6.3. CysH2oO, requires C, 73.1 ; 
H, 6.4 per cent). If 40% alkali is used, a mixture of the chaikone and 6:2’-diethoxy- 
flavanone is obtained, ‘The same flavanone was also prepared by isomerising the chalkone 


by HC! as before. 
9—1851P—11 
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2:2'-Dihydroxy-5-ethoxychalkone, obtained by condensing with salicylaldehyde as 
before (period of reaction, 48 hours), crystallised from alcohol in orange plates, m.p. 178°. 
(Found:C, 71.5; H, 5.2. CirHisO, requires C, 71.8; H, 5.6 percent). If 75% alkali is 
used, the chalkone is obtained in 24 hours. 

The ethylated product was found identical with 2-hydroxy-2’ : 5-diethoxychalkone. 

2-Hydroxy-6-ethoxyflavanone, prepared as before, crystallised from benzene 

in needles, m.p. 160°. (Found: C, 72.0; H, 5.6. CirsHisO, requires C, 71.8; H, 5.8 
per cent). 
Its ethoxy derivative was identical with 6:2'-diethoxyflavanone, described before. 


M R. Science INSTITUTE, 
GujaARATt COLLEGE, 
AHMEDABAD. 
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REVIEWS 


Methoden der organischen Chemie. Volume VII{—Sauerstoff—-verbindungen III. 
By Eugen Muller (Editor). Published by Georg Thieme Verlag, Stuttgart, Germany. 


The publication of Houben-Weyl’s ‘‘Methoden der organischen Chemie”’ in a revised 
and well-expanded edition is a welcome event to an organic chemist and this series of 
fourteen volumes, expected to be complete in four years, will surely regain their impor- 
tant position in the organic laboratories as a source of reliable guidance and authentic 
references to the host of organic compounds and their preparative inethods as the. last 
edition of this series has become practically outdated. 


The general layout, as it appears from the Foreword, bespeaks of the thoroughness 
in planning, and from the perusal of the volume under review, it can be said that the 
execution has also been excellent. If the remaining volumes come up to this high stan- 
dard, this series will again be a welcome adjunct to any science Jaboratory. 


The volume under review is the third part of the Section allotted to “Oxygen Com- 
pounds’’ and contains chapters on peroxides, carboxylic acids and related topics and 
nitriles and related derivatives containing nitrogen. Each of these chapters has been 
written by eminent authorities in respective fields. As a matter of convenience, each 
of these chapters has been further subdivided into sections. In the beginning of each 
of these chapters and sections, there has been a general discussion on broad theoretical 
principles followed by more comprehensive details in the practical aspects of the subject 
matters, which in turn have been supplemented by elaborate quotations from pertinent 
literature. To add to this, several representative preparative methods have been des- 
cribed in detail in each section and these will be of real worth to research chemists. 
With the accumulation of a vast amount of experimental materials in the field of organic 
chemistry in recent years, it has been an extremely difficult task for the Editorial Board 
to assess properly the intrinsic merit of each of these experiments and to include some 
of these in the body of the text. It appears that the judgment and selection on the 
whole are quite sound, thereby adding to the quality of the publication. It is worth 
mentioning at this point that the success of this publication owes very much to the 
co-operation of a few eminent chemists from industrial laboratories, thereby making it 
possible the inclusion of a large amount of important materials from patent literatures 
and unpublished experiments, which were so long and would probably have been shrou- 
ded in industrial secrecy for a long time te come. 


Because of the comprehensive nature of this volume, it appears to the reviewer that 
except in the chapter on carboxylic esters etc., the theoretical aspects have not received 
so much attention as the description of experimental facts, where mechanistic and elec- 
tronic aspects have been used to a limited extent to explain more important transfor- 
mations. To mention a few examples, opportunities are missed probably due to consi- 
derations of space, for including the mechanism of some of the really elegant examples 
like the nature of opening of epoxides, the mechanism of the Arndt-Eistert reaction or 
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simllar we:l-known cases where we have well-grounded mechanistic pictures or for freer 
use of electronic concepts which have recently gained so much prominence in explaining 
organic reactions. Typography and general get-up are excellent. 

Judging from all considerations, this volume is a model of scholarship and thorough- 


ness, characteristic of German scientific authorship. 
P.C.D. 


Grundriss der allgemeinen technischen Electrochemie. By Dr. Paul Drossbach. 
Published by Gebruder Borntraeger, Berlin-Nickolasece, 1952. 

This treatise on technical electrochemistry by Dr. Paul Drossbach consists of eight 
chapters of useful facts and principles. After a general introduction to the various 
theoretical principles of electrochemistry he deals fairly elaborately with the general 
technical apparatuses including electrolysis cells, constructional materials, electrodes, 
and electrical circuits. The general stress in this book is on electrochemical engineering 
and a systematic description of the essential principles of electrical machines, alternating 
current, transformers etc. has been given a full chapter. 

To many the somewhat detailed mathematical treatment of the technical problems 
might seem a little too much but the actual instances, which follow, of how these 
détailed calculations are used in practice leave no doubt about their importance. 


The treatment of such technical processes, as electrometallurgy of copper, zinc, 
electrolysis of alkali chlorides, electrolytic manufacture of hydrogen and oxygen has been 
fairly elaborate (Chapter IV). The problems worked out are often very helpful, 


Chapter VII on the electrochemistry of fused salts and the next on the electrothermal 
processes are highly inctructive to the practical engineer, The section of aluminium 
extraction deserves special mention. 


The collection of so many photographs of parts of actual plants and some of the 
drawings, although not particularly described, is another good feature of the book. 


The main references are to text-books and monographs. ‘To some this may appear 


to be a serious drawback. One would very much miss the index at the end. 
S.K.M. 


The Chemistry of Heterocyclic Compounds: Compounds with Condensed Thiophene 
Rings. By Dr. Howard B. Hartough. Published by Interscience Publishers, Inc., 
1954, PP. 532. Price $ 16.5.0 

The book, “Compounds with Condensed Thiophene Rings” is the ‘seventh volume 
published in the series on ‘“The Chemistry of Heterocyclic Compounds’, the consulting 
Editor being Dr. Arnoid Weissberger, Research Laboratories, Eastman Kodak Company, 
Rochester, New York. In 1952, ‘“‘Chemistry of Thiophenes and its derivatives’ was 
published in the third volume of this series of monographs by Dr. Howard B. Hartough. 
Since the publication of this book, voluminous and diverse literature has accumulated 
on thiophenes and compounds with condensed thiophene systems. ‘Fhe appearance of 
this book has greatly facilitated the teachers and the research chemists interested in 
the Chemistry of Thiophenes. The author has written the book in a clear style 
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dealing with the chemistry on Thiophenes, Thionaphthenes, Thioindigo and related 
dyes, Dibenzthiophene containing O, S and Hg ring systems, Naphthothiophenes, 
Condensed Thiophene compounds containing nitrogen ring systems, Condensed Sele- 
nophene and Tellurophene systems in nine chapters with their physiological and in- 
dusrtial significance in a highly elucidating language which would definitely impress the 
reader. The author has performed a valuable service in collating and interpreting 
the mass data. Further, chemical reactivity and orientation in various thiophene systems 
have been discussed in this book in the light of modern concepts with electronic inter- 
pretations but in a non-mathematical way. Although the chemistry of heterocyclic 
compounds is one of the most complex branches of Organic Chemistry, the author has 
been successful in presenting the subject in a very lucid and interesting way. The book 
is highly informative, specially as a standard reference book (but not as a text-book) for 
the teachers and the research students specially interested in this field. A. C 


Les Proteines-Rapp rts et discussions, Published by the Conseil sous les auspices du 
Comite Scientifique de l'iustitut international de Chimie Solvay, Bruxelles, 153, 
PP. 350. 


The ninth Solvay conference was held under the joint auspices of the Institut 
International de Chimie Solvay and the University of Brussels in April, 1953. ‘The dis- 
cussion was limited to various ,spects of protein chemistry. This volume reports nine 
original papers presented by invited specialists foilowed by interesting discussions. 
Most of the materials in the book are published in English and only one paper by Des- 
reux and Fredericg and some discussions are in French. 


In the first paper K.O. Pederson discusses briefly the implications involved in the 
determination of molecular weights of protein by osmotic pressure, ultracentrifuge, light 
scattering and other analytical methods. A summary of molecular weight determina- 
tions by different methods on a good number of plasma proteins, seed proteins, enzymes 
and hormones has been given at the end of the paper in a tabular form. 


In the second paper Linus Pauling presents a brief discussion on the configuration 
of polypeptide chains in proteins. The proposed helical structures in polypeptide chains 
aud the associations of these helixes into multiple strand cables and fibres have been 
considered on the basis of X-ray diffraction data and known bond lengths and angles. 


The third paper presented by Lawrence Bragg deals with the problems involved 
in the X-ray analysis of potein structure with special reference to haemoglobin molecule, 
It has been opined that while such physical methods have yielded fairly accurate estima- 
tes of the size and shape of the molecule, the atomic arrangement is still to be revealed. 


A.C. Chibnall then gives a systematic description of the successive stages of enquiry 
for elucidating the chemical constitution of the proteins. The amino-acid analysis, 
assay of the N-terminal and C-terminal residues to indicate the number of component 
peptide chains, determination of the linkages involved, separation and purification of 
the components and amino acid sequence in the peptide chains are discussed to arrive 
at the chemical structure. 
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R. L. M. Synge considers in his paper the scope and future exploitation of the 
methods like etectrophoresis, chromatography, isotopic tracers and diffusion for the 
separation and purification of various peptides and proteins. 


A discussion on the fractionation and purification of proteins including the criteria 
of purity is described in the paper presented by DeSreux and Fredericq. The problems 
of associations and dissociation of proteins during their separation from organised bio- 
logical materials are discussed. While the technique like solubility, convection-electro- 
phoresis, adsorption and distribution are fairly suitable for purification, the desirability 
of adopting additional general methods is stressed. 


In the seventh paper M.L. Anson considers the denaturation of proteins. The 
various ways of bringing about denaturation, its inhibition and the changes in properties 
during the process, particularly of the active groups, have been discussed. 


In the next paper K. Linderstrom-Lang gives a discussion on the degradation of 
proteins by enzymes including the mechanism involved. While a great portion of 
the paper is devoted to the Kinetic consideration of a few theoretical cases of proteo- 
lysis, some experimental studies on the protein-enzeme interactions involved in the 
peptic and tryptic breakdown of some proteins like ovalbumin, 8-lactoglobin, ribonu- 
clease, insulin etc. are also discussed. 


The last paper presented by Hugo Theorell is a discussion on the relation between 
prosthetic groups and proteins. Starting with a historical background and limited to 
three groups of conjugated proteins- flavinpyridine- and hemoproteins the author has 
given detailed experimental evidences concerning the chemical mode of function between 
prosthetic groups and proteins and their functional relations. 


Thus the book as a whole gives a fairly complete picture of the up-to-date knowledge 
on the molecular structure and chemistry of proteins along with the techniques so far 
developed. Every paper is followed by an extensive list of references drawn from the 
inost current literature. Moreover, the contributing authors have in many cases pointed 
out specific fields of investigations in which further work may be followed. The book 
is nicely printed and bound and contains few typographical mistakes. Both the teachers 
and the advanced research workers in the field of biochemistry will find the volume very 


useful. 
G. C. E. 


Symposium on Nucloprotein: Organised by the Biochemistry Subject Division of 
the Chemical Institute of Canada, in the celebration of the Centenary of Laval Uni- 
versity. Reprint from Canadian Journal of Medical Science, 1953, Vol. 31, pp. 222-305. 

The Symposium was divided into siX sections, dealing primarily on nucleic acids 
and not on nucleoprotein as an entity. 


The first one dealing with “Chemistry of Nucleic Acid” by G. Butler is very inter- 
esting. The constitutional view on both pentose nucleic acid (PNA) and desoxypentose 
nucleic acid (DNA) has been discussed; but the new hypothesis of Watson and Creck 
(1953) is missing. ‘The table on the composition of (DNA) contained some of the 
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analytical data by E. Churgaft which. were later recorrected by the author himself in 
1953 (J. A, C.S.). The probable presence of anew base (5-hydroxymethylcytosine) 
in the DNA of virus has also not been mentioned. 

The second article on “Biogenesis of the Nucleic Acids’’ by D. Elwyn is an impor- 
tant one. Biosynthesis of purines has been fully discussed, and reference has been 
made to the prcblem on the biosynthesis of pyrimidines. The possible pathway of 
their synthesis has been schematically represented and the probable source of the addi- 
tional carbon atoms in thymine, 5-methylcytosine, and 5-hydroxymethylcytosine has 
also been briefly mentioned. ; 

Discussion on the studies of the incorporation of the purine and pyrimidine bases 
into nucleic acid indicated that adenine was the only one of the nucleic acid bases in- 
corporated directly into nuclic acids in rats. The markedly difierent behaviour of 
nucleoside and nucleotides, the rapid rate of turnover of PNA and relatively inert 
character of DNA and the difficulties in this study without the help of kinetic under- 
standing have been very briefly referred to with relevant literature. 


The third article on “‘Biological Activity of the Nucleic Acids’’ is contributed by 
S. Zamenhoft, H. E. Alexander and G. Leidy. The relationships between PNA and 
desoxyribonuclease, as well as PNA and a heriditary determinant in virus have been 
discussed, but that between PNA and process of protein synthesis has not been given much 
attention. The article gives preferential importance on the transforming role of DNA. 

The article does not mention properly the effect of both PNA and DNA on different 
enzymes, such as succinic dehydrogenase, etc. 


The fourth one on ‘‘The Desoxyribonucleic Acid of Interphage and dividing cells’’ 
by C. E. Stevens, R. Daoust and C. P. Leblond was more allied to the third article. It 
has discussed the classical concept of the stability of the genetic material. According 
to the authors complete replacement of all the DNA, before initiation of the cell division, 
should take place, but the real mechanisin needed further studies. 


The fifth article on ‘“‘The Virus as Nueleoproteins’” by A. E. Graham has dealt 
mainly with the biochemical aspects and specia!ly with refetence to the bacterial viruses 
or bacteriophages. The paper has discussed some of the biochemical changes, seemed 
to occur in the virus-infected cells and tried to poin out that study of virus involved 
many other fundamental biological problems, besides the aspects of disease alone. 


The last articles on ‘‘Some Biological Effects of Ionizing Radiation and their 
Effects on Desoxyribonucleic Acids’’ by D. B. Smith has discussed the effects of X- and 
y-rays on the DNA and the probable mechanism of these effects. 

The discussion of each paper is fairly well. Research workers, medical scientists 
and biologists interested in the cliemistry, biosynthesis and bioiogical characteristics of 
nucleic acids, would be much benefitted in going through the different articles. But one 
will again be in dismay in finding out that many of the vital problems have not been 
touched. Their idea may get a momentum in going through the last chapter of the 
pamphlet where certain thought-provking questions have been raised and recorded. 





U. P. B. 
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STUDIES IN THE ocloPENTANE SERIES. PART IV. SYNTHESIS 
OF ISOMERIC cyeloPENTANONE ESTERS 


By PHANINDRA CHANDRA DuTTA 


Synthesis of esters of isomeric 8-carboxyethylmethyleyclopentanone carboxylic acids have 
been described. 


A comprehensive scheme was undertaken in early 1950 to develop a 
stereospecific synthesis of 11-keto-steroids by Prof. G. Stork at Harvard University 
in collaboration with the author, and in this connection necessity arose to make 

‘a detailed study of the cyclisation reactions of tetracarboxylic acids of the 
following type (I): 


Me 
4 
RO, C.(CH,),—-C—CO, R 
H.CO,R 


Fs 
RO,C.CH,.CH, 
(I) 


(I, n=1, ReH) has been synthesised through the addition of acrylonitrile to 
ethyl «s-dicyano-s-methylglutarate in presence of potassium tert.-butoxide asa 
catalyst and subsequent hydrolysis. It has been established that cyclisation 
goes under the usual Dieckmann conditions to the formation of the cyclopentanone 
derivative, and this has been identified through reduction to methylcyclopentane- 
2-carboxy-l-acetic acid and that in both cis- and trans- forms.* 


Banerjee and Das Gupta (7. Amer. Chem. Soc., 1952, 74, 1320) have also published 
a paper on detailed studies on cyclisation of this acid (I, nm=1). In this 
connection, it may be mentioned that some of our results are at variance with 
those of Banerjee and Das Gupta and of previous workers (cf. Ber., 1935, 68, 
1946). Subsequently conditions have been so adjusted whereby the cyclisation 
can also be directed to the exclusive formation of the cyclohexanone derivative 
and the cyclised product has been finally identified with cis-methylcyclohexane- 
1 ; 2-dicarboxylic acid. 


Because of these interesting results, cyclisation of the higher homologue 
(I, n=2, R=Me) has also been studied in detail in order to see whether 


*The more important results in this connection and the subsequent elaboration to the building 
up of the cyclic system characteristic of the steroids were presented by Prof. Stork in August 
1951 at.the Gordon Conference on Steroids under the auspices of the American Association for 
the Advencement of Science. Details will be published in the Journal of the American Chemical] 


Society. 
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cyclisation can be directed in one (a) of the following two paths (a4 and 5), 
‘as the former one will finally lead to the keto-acid (V), which is expected to 
serve as an important intermediate for the synthesis of steroids. The tetra- 
acid (I, n=2, R=H) has been synthesised in a very good yield through the 
condensation of acrylonitrile in presence of potassium tert.-butoxide to the dicya- 
no-ester (Banerjee, this Journal, 1940, 17, 424), which in its turn has been synthesised 
by the addition of potassium cyanide to the unsaturated ester, obtained by 
the condensation of ethyl cyanoacetate and ethyl levulinate according to Cope 
(J. Amer. Chem. Soc., 1941, 63, 3452) and finally on hydrolysis of the tricyano 
compound (II) with concentrated hydrochloric acid. As contrasted to the 
behaviour of the lower homologue, hydrolysis proceeds very readily and on 
esterification of the tetra-acid with methyl alcohol and sulphuric acid, the required 
methyl ester (I, n=2, R=Me) is obtained in a good yield. This is cyclised in 
benzene solution with sodium ethoxide and the cyclised s-keto-ester on hydrolysis 
and esterification leads to the keto-ester, which has subsequently been shown to 
be (IV). It is further characterised by a semicarbazone melting at 110-12°. 
It is noticed, however, that the semicarbazone, so obtained, requires repeated 
crystallisations for purification, indicating that the keto-ester is not structurally 
and/or stereochemically homogeneous. 


With a view to obtaining an authentic specimen of the keto-ester (III) or the 
corresponding keto-acid(V), we have decided to utilise ethyl 2-methyleyclopentanone- 
3-carboxylate (Robinson, 7. Chem. Soc., 1937, 1588). Methods have been developed to 
attach a chain of three carbon atoms to the carbon atom carrying the methyl 
group after blocking the reactive methylene group with easily removable protect- 
ing groupings. The formyl derivative of the keto-ester is allowed to react with 
ethyl orthoformate to give most probably a mixture of (VI) and (VIII) (cf. Helv. Chim. 
Acta, 1948, 31, 427) and this is allowed to react with acrylonitrile in presence of 
potassium tert.-butoxide and a condensation product is isolated in a poor yield. 
This on acidic and alkaline hydrolysis and subsequent esterification gives the desired 
keto-ester (III), which has been further characterised by a semicarbazone melting 
at 150-52°. Because of the poor yield in this process and of the presence of a 
certain amount of uncertainty in the nature of the blocking group, the other 
blocking group has been introduced by the action of monomethylaniline on the 
formyl derivative. The methylanilinomethylene compound (VII) fails to condense 
with ethyl s- bromopropionate in presence of sodamide or potassium tert.-butoxide. 
But condensation with acrylonitrile proceeds in a moderate yield in presence of 
potassium ¢ert.-butoxide. The crude condensation product is hydrolysed successively 
with acid and alkali and finally isolated as the keto-ester (III), the semicarbazone 
of which has been found to be identical with that described above and melts at 151°. 
The keto-ester (III) on hydrolysis by refluxing with concentrated hydrochloric 
acid leads to the keto-acid (V), which separates in needles on cooling the solution 
and melts at 159-60°. This acid has been obtained in a stereochemically pure form 
and should have the structure in which the secondary carboxyl group will bear 4 
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cis-relationship to the quaternary methyl group. This might occur as a matter of 
necessity, because the acrylonitrile residue should approach the apparently planar 
carbanion (Hammeti, “Physical Organic Chemistry,” p. 98; cf. Barton and 
Robinson, 7. Chem. Soc., 1954, 3048) of the methylanilino compound from the well- 
established rearside attack and also trans to the vicinal carbethoxyl group (Stork 
et al. F. Amer. Chem. Soc., 1953, 75, 385, footnote 10). It may be added that the stereo- 
chemical disposition of the tertiary methyl group and the secondary carbethoxyl 
group in the keto-ester (II!) coincides with that of C,,-methyl and C, ;-substituents 
in the steroids. . 


Me (I) (n=2, R= Me) 
| af \b 
EtO,C.H,C.H,C—C—CN Cus 2 
d CO,Et Me 
NC.H,C.H,C— ‘Sot ae __|_co.Et 
Me . 
(II) CO,Et | eces,cHr,.| cH, cH,.CO,Rt 
CO,H dom | 
a O ite 
| on. (III) (IV) 
VS CE £08 
o 
Me Me 
O= Oo= 
\/_ oxt n/ 
CH CHR 
OEt 
[VI R = - OEt] 
(VIII) (VII, R= -N(CH;)C,H;] 


Additional evidence that has been available in connection with studies of 
cyclisation of the lower homologue (I, n=1) can also be utilised in support of the 
stereochemical arrangement proposed above. When ethyl bromoacetate is 
substituted for acrylonitrile, the keto-dicarboxylic acid, finally isolated in a poor 
yield, has been found to be identical with an authentic sample of 2-methylcyelo- 
pentanone-3-carboxylic-2-acetic acid in which the carboxyl group and acetic acid 
chain occupy a trans-configuration. 


ExPERIMENTAL 

Ethyl «s-Dicyano-x-(A' -cyanoethyl).p-methyladipate (I1).—Potassium (1.2 g.) was dis- 
solved in tert.-butyl alcohol (100 c.c.) and cooled to the room temperature. Ethyl 
«8-dicyano-s-methyladipate (75 g.) was added and to the slightly yellowish solution 
was added freshly distilled acrylonitrile (19 g.) and allowed to stand overnight. 
Next the reaction mixture was poured into water containing a small amount of 
HCI and extracted with ether. On removal of the solvent, the residue was distilled 
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when the desired condensation product passed over at 210°-220° (bath temp.)/0.4 mm.. 
yield 81 g. (Found : N, 13.20. C,,H,,0O, N, requires N, 13.16 per cent). 


Methyl «-(s-Carbomethoxyethyl)-p-methyl-p-carbomethoxyadipate (I, R= Me, n=2).—The 
above tricyano-ester (150 g.) was mixed with HCl (conc., 1000 c.c.) and allowed to 
stand overnight at room temperature. Next it was refluxed for 2 days and excess 
of HCl was removed in a water-pump. The pasty mass was dissolved in acetone 
and ammonium chloride was filtered off. The residue left after removal of 
acetone was dried and esterified by adding a cooled mixture of methanol (1000 c.c.) 
and H,SO, (conc., 120 c.c.) and refluxing for 3 days. Most of the methyl alcohol 
was then removed in a water pump and the residue was poured into ice and water. 
It was extracted with ether and the ethereal extract was washed with sodium 
carbonate solution, dried and distilled. The acidic fraction recovered from 
sodium carbonate solution was re-esterified and worked up in the usual way. The 
tetra-ester (87 g.) passed over at 175-80°/1 mm. (Found: C. 54.24; H, 7.2.C,,;H,,0O, 
requires C, 54.2; H, 7.2 per cent). 


Ethyl 2-p-Carbethoxyethyl-methylcyclopentan-3-one-1-carboxylate (IV).—Sodium (5 g.) 
was finely powdered and converted into a suspension of sodium methoxide in 
benzene (200 c.c.) under gradual addition of calculated quantity of methanol in 
the cold. Next the above tetra-ester (68 g.) in benzene (300 c.c.) was added and 
refluxed for 3 hours. During the course of heating, benzene (500 c.c.) was 
distilled off and at the same time the same quantity of benzene was allowed to 
drep in slowiy into the reaction mixture. The reaction was carried out in an 
atmosphere of nitrogen, Most of sodium methoxide went into solution. Next it 
was cooled and decomposed with ice and acid and extracted with benzene. The 
residue left on removal of benzene gave a violet colour with ferric chloride 
in alcoholic solution. It was next hydrolysed by refluxing with dilute HCl 
(500 c.c., 1:1) for 16 hours. Water and HCl were removed in suction and the 
residue was dried in vacuum and esterified with a mixture of alcohol (200 c.c.) and 
H,SO, (25 c.c.) by refluxing for 20 hours. It was worked up and the acidic fraction 
was re-esterified and the combined neutral fraction was finally distilled, when 
the keto-ester passed over at 135°-140°/0.5 mm., yield 37 g. (Found : C, 62.32 ; H, 8.1. 
C,,H.,,0; requires C, 62.2; H, 8.14 per cent). 


The semicarbazone was prepared in the usual way and was obtained as a 
crude mixture melting at 93°-100°, which on repeated crystallisations from 
dilute alcohol melted at 110-12°. (Found : N, 12.92. C,,;,H,;O,;N, requires 
N, 12.8 per cent). 


2-Methyl-2-(e-carbethoxyethyl)-3-carbethoxycyclopentanone (III).—{a). A mixture of 
ethyl 2-methylcyclopentanone-3-carboxylate (17 g.) and freshly distilled ethyl formate 
(22 g.) was added in the cold to a suspension of sodium methoxide (15 g.) in dry 
ether and allowed to stand overnight. Next it was poured into ice and water and 
on removal of the ethereal layer, the aqeuous portion was acidified and extracted 
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with ether. On drying the ethereal extract with anhydrous magnesium sulphate, 
the solvent was removed and the vacuum-dried residue (14 g.) was mixed with 
freshly distilled ethyl orthoformate (20 g.), alcohol (14 c.c.) and HCl (conc., 5 drops). 
The reaction mixture was warmed up and allowed to stand overnight at room 
temperature. Next it was poured into sodium carbonate solution, extracted with 
ether and the ethereal solution was again washed with NaOH solution, dried with 
anhydrous potassium carbonate and finally distilled. It passed over at 125°-130°/1.5 
mm., yield 15.5 g. It rapidly developed colour on standing and a freshly distilled 
sample gave the following analytical value. [Found : C, 62.82, 62.59; H, 8.4, 8.2. 
C,,H,,0, (VI, R=OEt) requires C, 63.7; H,7.9 per cent and C,,H,,O, (VIII) 
requires C, 61.7 ; H, 8.8 per cent]. 


Potassium (0.2 g.) was dissolved in tert.-butyl alcohol (30c.c.) and to this 
was added the above ethoxymethylene compound (11.4 g.), followed by freshly 
distilled acrylonitrile (6 g.). There were an evolution of heat with the gradual 
darkening of the reaction mixture; it was allowed to stand overnight. It 
was diluted with water and extracted with ether. On removal of the solvent, 
the residue was distilled when a fraction (3.2 ¢.) was collected, b.p. 150°- 
160°/0.5 mm. This condensation product (4.5 g.) was dissolved in methanol 
(30 c.c.) and to this were added water (7 c.c.) and HCl (conc., 7 c.c.). The mixture 
warmed up and was kept at room temperature for 3 hours. Next was added 
to this mixture a solution of NaOH (12 g.) in water (225 c.c.) and again refluxed 
for 3 hours. On cooling, it was mixed with dilute HCl (250 cc., 1:1) and 
refluxed for 10 hours. The solution was evaporated to dryness in a water pump 
and the organic matter was taken up in acetone. The residue left after removal 
of the solvent was dried and esterified by refluxing for 20 hours with a mixture of 
alcohol (25 c.c.) and H,SO, (conc., 2.5¢,c.). On working up in the usual way, 
the keto-ester (2.5 g.) was obtained, boiling at 140°-145°/l mm, (Found : C, 62.39 ; 
H, 8.22. C,,H,,0; requires C, 62.2; H, 8.1 per cent). 


The semicarbazone, preared in the usual way, readily crystallised from the reaction 
mixture and on once crystallisation from dilute alcohol melted at 150-52°. (Found : 
N, 12.89. C,,H,,;0;N; requires N, 12.8 per cent). 


(6). Ethyl formylmethyleyclopentanone carboxylate (20 g.), described before, 
was dissolved in methyl alcohol (200 c.c.) and to this was added monomethylaniline 
(12 g.) and allowed to stand overnight. Next methyl alcohol was removed in the 
steam-bath and the residue was finally distilled in high vacuum when it passed over 
at 210°-215°/1 mm. as a viscous yellowish mass, yield 25 g. A portion of this 
material was evaporatively distilled for analysis. (Found: C, 71.33; H, 7.52. 
C,,H,,0,;N requires C, 71.11 ; H, 7.3 per cent ). 


Potassium (0.4 g.) was dissolved in #ert.-butyl alcohol (60 c.c.) and to this 
was added the above anilino compound (32.5 g.), followed by acrylonitrile (12 g.). It 
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was allowed to stand overnight and then acidified with a small amount of HCI. 
The low boiling products were removed on the water suction and the residue was 
heated in the steam-bath for } hour with HCl (15 c.c.) and water (25c.c.). On 
cooling, the reaction mixture was mixed with a solution of NaOH (15¢g.) in 
water (35 c.c.) and again refluxed for half-an-hour. Finally a solution of HCl (conc., 
100 c.c.) in water (30c.c.) was added and refluxed overnight. The solution was 
evaporated to dryness and the pasty mass was extracted with ether and finally with 
ethyl acetate. The combined extract was washed with a small quantity of water, 
dried and the solvent was removed. The residue was finally esterified with alcohol 
(60 c.c.) and H,SO, (6 c.c.) by refluxing for 20 hours. The keto-ester passed over at 
142°-145°/0.6 mm., yield 6 g. (Found : C, 62.31; H, 8.20.C,,H,,0O, requires C, 62.2 ; 
H, 8.1 per cent). ' | 


The semicarbazone, prepared in the usual way and on crystallisation from dilute 
alcohol, melted at 150-52° and showed no depression when mixed with the sample 
described before, 


2-Methylcyclopentanone-2-p-propionic acid-3-carboxylic Acid (V).—T he above ester (2 g.) 
was refluxed with HCl (conc., 8 c.c.) for 10 hours and then the clear solution was 
kept in a refrigerator when needle-shaped crystals separated, which on crystallisa- 
tion from HCI (dilute) or ethyl acetate melted at 160-61°. (Found : C, 56.12; H, 6.63. 
C,,.H,,0; requires C, 56.1 ; H, 6.5 per cent). 


Experiments described above were carried out in the Chemical Laboratories 
of Harvard University and the author places his grateful thanks to Prof. G. Stork 
for granting him facilities. Analyses were carried out by Mrs. Chhabi Dutta, 
M.Sc., at the micro-chemical laboratories of the Massachusetts Institute of 
Technology. 
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STUDIES IN THE exloPENTANE SERIES. PART V. SYNTHESIS OF 
AN ISOMER OF 1-ACETYL-2-METHYLeycloPENTAN- 
2:3-DICARBOXYLIC ACID 


By PHANINDRA CHANDRA Du?TTa, PROVAS KuMAR Du?TA AND 
K. N. S. SASTRY (IN PART) 


Synthesis of ethyl 1l-acetyl-2-methyleyclopentane-2: 3-dicarboxylate has been described, which 
is expected to serve as an important intermediate in the projected synthesis of Wieland’s Cj, 3-tricar- 
boxylic acid in a stereospecific way. 


As a result of classical investigations on sterols and bile acids, Wieland had 
been able to isolate a small quantity of a C,,-tricarboxylic acid to which he assign- 
ed the constitution (I) (Z. physiol. Chem., 1924, 134, 276 ; 1933, 216, 91). 


Me-CH-CH, CH, .CO,H 


OL 
bo, 


H (I) 


Later on, this proposition has been completely verified from the recent 
synthesis of steroids from different laboratories (Robinson et al., 7. Chem. Soc., 1953, 
361 ; Woodward et al., 7. Amer. Chem. Soc., 1952, 74, 4223). Investigations towards the 
synthesis of (I) were in progress since quite a long time in these laboratories 
(Dutta, this Journal, 1940, 17, 611 ; 1942, 19, 79 ; 1948, 25, 213), but the experiments so 
far carried out could not be pushed to a successful finish. The main idea was, how- 
ever, to develop a method of synthesis with definite control of stereochemistry at 
each of the four asymmetric centres »resent in (I), so that the disturbing factor of 
stereoisomerism may be minimised as far as possible in the end. The stereochemi- 
cal disposition of each of these asymmetric centres has been fairly established 
from chemical evidences by Wieland and his co-workers, and it has now been 
placed on a sound footing as a result of more recent synthetic observations in the 
field of steroids. 


From previous synthetic studies in this line, one fact has emerged out that the 
isooctyl residue creates a disturbing effect in the usual course of the reactions so 
far employed to build up the required cyclopentane derivatives (Dutta, Joc. cit.). 
Although it is possible to build up the valeric acid chain through oxidation of the 
isopropyl group (Wieland, Z. physiol. Chem., 1922, 117, 146 ; 126, 277), it is quite evident 
that two of the four asymmetric carbon atoms will remain embedded in the hydro- 
carbon residue and will not be amenable to the usual inversion processes, if any 
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necessity arises for the same, for final comparison with the natural product, The 
stereochemical relations of the two contiguous carboxyl groups can be more easily 
controlled by the usual standard methods. 


Experiments were initially carried out to synthesise the gross structure of (I) 
and for this purpose the synthesis of the keto-ester (II, R=Me) was considered to 
be an important intermediate. 


O 

_— 

| Ped Et 
a . 

CO,Et (II) 


It is feasible to introduce the valeric acid chain through the Reformatsky 
reaction with ethyl y-bromo-?-methylcrotonate according to Karrer (Helv. Chim. Acta, 
1946, 29, 704). The hydroxy-ester, so obtained on dehydration, reduction and 
hydrolysis, is expected to give (I), but the stereochemical relation of the groups 
will not be so well defined. 


Ruzicka and his co-workers (ibid., 1934, 17, 183) have isolated (II, R=H) as 
one of the cyclisation products from the following ester. 


CH, 
Sin™, 

Hs CH.CO,Rt 

EtO.C  CH,.CO,Et 


We repeated this experiment but it appeared to us that the separation of the 
isomeric 4-keto-esters was not so sharp, and hence, we did not proceed further 
with this compound. Another consideration for this course is thateven with 
the -keto-ester having the desired structure (II, R=H), the stereochemical 
dispositions of the contiguous carboxyl groups will be mainly cis after methyla- 
tion (II, R=Me). Because of the stereochemistry of the carbanion (cf. Part IV, 
this issue, p. 875) the methyl group will have more access to the reactive centre 
from the side trans- to the adjacent carbethoxyl group, thereby leading to tlie 
cis-structure of the vicinal carboxyl groups. There may again be some difficulty 
in isomerising to the trans-form in the final compound (I) under the usual 
isomerising conditions, for the quaternary methyl group has endowed sufficient 
stability to the cis-structure of the contiguous carboxyl groups (Linstead and 
Millidge, 7. Chem. Soc., 1936, 478; Ingold, ibid., 1925, 398; Dutta, this Journal, 
1940, 17, 611). As contrasted to these observations, it has been established for 
the cyclopentane systems (Dutta, Joc. cit.) that the two vicinal carboxyl groups 
from polycarboxylic acids by pyrolysis or decarboxylation by refluxing with dilute 
mineral acids appear in the desired ¢rans-configuration, 
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Another interesting method for building up of the cyclopentanone derivatives 
is the distillation of v-lactones with phosphorus pentoxide (Frank ef al., 7. 
Amer. Chem. Soc., 1944, 66, 4). This method has also been extended for the 
synthesis of various substituted cyclopentanone esters from appropriate lactones 
(Dutta, this Journal, 1948, 25, 213). On this expectation the lactone (III) has 
been synthesised in a moderate yield by the action of ethyl «-bromopropionate 
and ethyl «-ketoglutarate in presence of zinc. On heating the lactone with 
phosphorus pentoxide under various conditions, it has been recovered unchanged. 


<¥ 
EtO,C—C—CH—CO,Et 
ZN 
CH, rf 
| 
CH,—CO 
(III) 


The failure of this reaction is most probably due to the fact that in the 
transition state, the following is the most probable structure : 


~ 
EtO,C—C—CH—CO,Et 
ra 
CH, O- 
| a x 
CH,—CO—O—P—0—P¢ 


\ ) 


O 


Energetically it is rather difficult to put a positive charge to a carbon atom 
next to the carbethoxyl group. It is not surprising that the reaction goes 
on fairly well when the carbethoxyl group is replaced by an alkyl group, 
which on the other hand stabilises the positive charge due to hyperconjugation, 
as a result of the flow of electrons from the alkyl groups. 


Our next attempt is to prepare the ester (VI) according to the following 
scheme : 
(CO, Et),CH. CH,. CH,.CO.CH,. CO,Et 
(IV) 
O 
ale 
| |= (V) ReH 
Leoonet | ivy Rete 


+ 
CO;Et CO,Et 
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- This scheme is based on the conversion of ethyl acylmalonates to 4-keto- 
esters by heating with p-tolylsulphonic acid or better with s-naphthalenesul- 
phonic-acid monohydrate (7. Amer. Chem. Soc., 1945, 67, 1247). s-Chloropropiony| 
chloride reacts readily with the sodium salt of ethyl malonate, but no useful product 
could be isolated from the reaction mixture. But the acid chloride from s-bromo- 
propionic acid condenses very well with three molecules of sodium salt of ethyl 
malonate. The reaction mixture is worked up on acidification, and heating with 
s-naphthalenesul phonic acid gives (IV) in rather poor yield, developing a red 
colour with ferric chloride. This has been cyclised by iodine through its disodium 
salt in alcoholic solution to afford (V), having the expected analytical values, but 
is formed in a very poor yield. All attempts at methylation with sodium methoxide, 
sodamide or sodium dust in neutral solvents gave some products free from ferric 
chloride coloration, but having widely divergent analytical values. Having met 
with no success in the preparation of the required cyclopentanone derivative, it was 
next thought desirable to build up the following system : 





CO,Et 
2 (VII) X=Z=CO,Et, 
| Me YeH. 
| Vx 
VY (VIII) X=CO,Et, 
YN Y<H, 
, 3 Z=CO.Me. 


from which it would be possible to prepare (VII), where the three_carbethoxy] 
groups will differ in the rate of hydrolysis towards alkali. It is very likely that 
the secondary carbethoxyl group in (VII) will undergo preferential hydrolysis, 
and from this the corresponding methylketone (VIII) may be available through the 
usual standard set of reactions. It is also possible to reduce the double bond leading 
to the trans-configuration of the carboxyl groups (Dutta, loc. cit., 1940). 


Special interest attaches to the keto-ester (VIII), for three out of the four 
asymmetric centres'in the molecule of (I) come under easy control so far as the 
development ofa stereospecific synthesis of (I) is concerned. To introduce the 
propionic acid chain at the site of the carbonyl group, methods have been deve- 
loped in. these and other laboratories and these will form the subject matter of the 
next communication. 


Returning to the synthesis of (VII), we have endeavoured to follow the 
scheme adumbrated below : 








Me (IX) ,X=Y=CN, Z=CO,Et, 

— d - R=CH,.CH=CH,. 
sae (X) ; X=Z=CO,Et, Y=H, 
ly ,  R=CH,.CH=CH,. 

R—C (XI) X=Z=CO,Et, Y=H, 





\Z R =CH,.CHO, 
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Condensation of allyl bromide in presence of sodium ethoxide in alcoholic 
solution proceeds readily with ethyl <e-dicyano-s-methylglutarate to give (IX), but 
attempts at ozonolysis and subsequent reactions of (IX) have. not yielded any satis- 
factory result. It is suspected that either of the quaternary cyano-groups may be 
the seat of the abnormal reactions with resulting loss of hydrocyanic acid and 
other side reactions. Attention was then directed to convert (IX) into the ester (X). 
Acidic hydrolysis of (IX) having yielded mostly lactonic materials, it was hydrolysed 
under alkaline conditions and the free acid on decarboxylation and esterification 
led to the formation of (X)in a moderate yield along with a considerable quan- 
tity of low-boiling products. On ozonolysis, the diester (X) absorbed the theoretical 
quantity of ozone and on decomposition of the ozonide yielded a product evidently 
(XI). It, however, gave poor analytical values and failed to undergo ring-closure 
under the influence of sodium methoxide, piperidine acetate, acetic anhydride or 
sodium acetate-acetic anhydride at higher temperatures. The product recovered 
from piperidine acetate treatment has led to the formation of the analytically pure 
sample, which however, could not be characterised by any solid ketonic derivative. 
As ring-closure has not been possible to effect, it appears futile to persevere any 
more in this line of pursuit. 


It is apparent that carbethoxyl group could not impart sufficient reactivity to 
the methylene group in spite of the chain being heavily substituted, and conse- 
quently it has been decided to synthesise 1: 5-diketonic system (Weidlich and 
Daniels, Ber., 1939, 72, 1590) by replacing acetic ester residue by acetonyl group in 
(IX) or (X), whereby the desired ring-closure would be particularly facile in 
presence of basic reagents. 


Ethyl diacetylacetate condenses with ethyl cyanoacetate according to Cope 
to yield (XII), which takes up elements of hydrocyanic acid to give (XIII), to which 
however, it has not been possible to put a chain of two carbon atoms through 
ethylene dibromide in place of two reactive hydrogen atoms under various condi- 
tions, so far tried. In analogy with similar cases, the following structures have beeri 
proposed for these compounds, and this has been confirmed by acidic hydrolysis of 
(XIII) and isolation of the ester (XIV), the latter readily affording a semicarbazone, 
m.p. 99-100°, 


Me.CO.CH.CO, Et Me.CO—CH—X (XIII) X=CO,Et, 


L d Y=Z=CN. 
Me—C = C—CN Me—C—CH—Z 
| | (XIV) X=Z=H, 
(XII) 
Acetylacetone fails to condense with ethyl cyanoacetate to give the normal 
product and the reaction goes further because of high reactivity of the acetylacetone 


molecule. 


Mention may be made of another attempt in this direction which consists. of 
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the condensation of cyanohydrin of acetaldehyde with the sodium salt of ethyl 
eyanoacetate (7. Chem. Soc., 1906, 90, 1455), which has been alkylated in situ with allyl 
bromide to yield (XV). Attempts to alkylate the hydrogen atom « to’ the cyano 
group in (XV) with chloroacetone have not led to any positive result. Evidently 
the acidity of hydrogen atom of the methylene group, flanked between the carbonyl 
group and the halogen atom in chloroacetone, is higher and consequently it is in 
our view to utilise methallyl chloride for the purpose of alkylation. 


a ‘: 
NC—CH—C—CH,. CH=CH, 


CO,Et 
(XV) 

More recently several elegant methods have been developed for the blocking of 
the carbonyl groups, of which the ethylenedioxy group has proved of great practical 
value. To be of immediate interest to us, it is known that diacetyl can be easily 
monoketalised with ethyleneglycol in. presence of a small quantity of acidic 
catalysts like p-tolylsulphonic acid and the remaining keto group possesses the 
normal carbonyl function in all reactions using alkaline condensing reagents 
(Eastman Kodak Technical Bulletin, 1951). Similar is the case with cyclohexan- 
1 : 3-dione in its formation of the mono-ketal and its subsequent reactions (7. Amer. 
Chem. Soc., 1952, 74, 3331). Encouraged by these observations, we have attempted to 
mono-ketalise acetylacetone and have isolated (XVI) in about 30% yield. 


0.C,H,.O 


: Pd 
Me.CO. CH,. C.Me 
(XVI) 


The product is accompanied by a higher boiling fraction, which is most 
probably the diketal, because of the symmetrical positions of the carbonyl groups. 
‘This fraction could not be made to condense with ethyl cyanoacetate in presence 
of piperidine acetate, and hence, it has not been further investigated. The mono- 
ketal (XVI) condenses readily with ethyl cyanoacetate in presence of excess of 
piperidine containing little acetic acid to afford (XVII). The unsaturated ester 
(XVII) adds up hydrocyanic acid in the usual way to give (XVIII), particular care 
being taken to keep the temperature as low as possible (0°) and to adjust the 9, 
of the solution slightly to the alkaline side, The dicyano-ester (XVIII) has been 
isolated in a very good yield, which has been found to be sparingly soluble in ether 
and consequently it has been extracted with chloroform. To supply additional 
proof for this structure (XVIII), it has been hydrolysed with hydrochloric acid and 
the oily mass finaly gives (XIV) and a sémicarbazone melting at 100°, identical 
with the one described before. (XVIII) condenses readily with allyl bromide to 
give (XIX) in a very good yield. The crude ethereal extract of the above 
condensation product has been deketalised with a small quantity of dilute 
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hydrochloric acid at room temperature to afford (XX) as well-defined crystals 
separating from ethyl acetate. From the mother-liquor, a low-boiling fraction 
has been collected which, however, polymerises completely on standing for a few 
days at room temperature. The allyl compound (XX) has been ozonised in dilute 
solution of ethyl acetate at 0° and on decomposition of the ozonide with zinc and 
acetic acid, the dicyanoaldehydo-ester (XXI) separates out from ethyl acetate 
solution on concentration on the boiling water-bath. It is rather surprising that 
the ring-closure has not taken place although acetic acid is present in large 
excess unless basic catalysts are present. The absence of «4-unsaturated carbonyl 
band in the infra-red spectrum (Fig. 1) of the substance and the formation of a 
Fic. 1 Fic. 2 


\ pr Ninf 











(xx!) | (Xx) 




















5.4 58 62M 54 5.8 6.24 


yellow dinitrophenylhydrazone, characteristic of saturated carbonyl groups, can 
only be explained on the basis of the open structure (XXI). The yellow derivative 
is most probably the mono-dinitrophenylhydrazone involving the aldehydo group. 
Because of its extreme insolubility it has not been possible to study it further, nor 
its analytical data could be recorded. The compound (XXI), however, readily 
undergoes ring-closure in presence of piperidine acetate to give (XXII) as is 
evident from the presence of the «4-unsaturated carbonyl band in the I. R. (Fig. 2). 
Considerable difficulty has been experienced in the next step of the synthesis. 
Attempts at hydrolysis with acids or bases were equally unsuccessful in each case 
leading to tarry mass from which no useful product could be isolated. So it 
was decided to reduce it first and then to attempt hydrolysis. Attempts at 
chemical reduction with zinc-acetic acid with the expectation that it will lead to 
the thermodynamically stabler trans-configuration of the acetyl residue with the 
tertiary carboxyl group have proved futile. The unsaturated compound (XXII) was 
reduced in alcoholic solution with Pd/C catalyst, when a gummy mass was obtained. 
On this compound hydrolysis experiments were carried out under variety of 
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conditions, both acidic and alkaline. Alkaline hydrolysis led to complete 
tarrification. On hydrolysis with concentrated hydrochloric acid for a short time, 
a highly crystalline precipitate separated on the walls of the flask while hot, 
which on further refluxing were completly resinified.. The crystalline mass, 
however, analyses for a compound for which the following tentative structure hes 
been proposed ; it melts at 229-30°. 


CO.Me 


NH 
cor (XXIII) 


An interesting property of this compound is that the melting point drops 
down on standing for a few months at room temperature and this sample 
melts on recrystallisation again at 204-205° and the analytical values correspond 
with (XXIII). This may be due to gradual isomerisation of the acetyl residue 
going over to the stabler trans-position, although the possibility of polymorphism 
is not altogether ruled out. After a series of trials, it had been found 
possible to hydrolyse the compound in stages and to isolate the keto-diethyl 
ester (XXIV) by first treating with gaseous hydrochloric acid in alcohol and the 
residue left after removal of alcohol was refluxed for a prolonged period with sodium 
hydroxide solution, whereby the keto-tribasic acid was obtained. It was decarboxy- 
lated in boiling pyridine solution (Quart. Reviews, 1951, 5, 131), which not only helped 
decarboxylation at a comparatively low temperature but also assisted in isomerising 
the acetyl group to the stable position. On esterification of the crude residue 
after removal of pyridine in vacuum, the desired di-ester (XXIV) was obtained 
in a moderate yield. A small fraction of this ester was hydrolysed with hydrochloric 
acid and the solution on concentration gave a crystalline acid (XXV) melting at 
101°. It is our impression that since the acid has been isolated in one crystalline 
form, this should have the stereochemical disposition as depicted in (XXV), (......) 
bonds indicating below the plane of the cyclopentane ring. This is the required 
form for realising the synthesis of C,,- acid in a proper stereochemical way. More 
convincing arguments in favour of this contention will be forthcoming in the next 
communication. 


The scheme of work may be represented as follows: 


O.C,H,O Me 
(XVI) > — | 
Me—C—CH,—C 


ll 
(XVII) C_CN 
CO,Et 
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Me { (XVIII) R=H, R’=-0O.C,H,.0- 
l (XIX) R=CH,.CH=CH.,; 
+ Me—C—CH,—C—CN R’= -0.C,H,.0- 
| | (XX) ReCH,.CH=CH,, 
R’ acl Sie R’=0 
(XXI) R=CH,.CHO 
CO,Et R’=O 
eae CO.Me CO.Me 
_— nae ee: 
| | Me | | Me | | Me 
V4 YY 
"de \ZN \/'"CO,.H 
/N\. CN | CO,Et | 
CN CO,Et CO,Et CO,H 
(XXII) (XXIV) (XXV) 


ExPERIMENTAL 


x-Carbethoxy-1-(«-carbethoxyethyl)-butyrolactone (II1).—Ethyl «-keto-glutarate (20 g.), 
prepared through the condensation of ethyl oxalate and ethyl succinate in 
presence of sodium ethoxide and subsequent hydrolysis and esterification, was 
mixed with ethyl «-bromopropionate (36 g., 2 moles), zinc-wool (14 g., 2 moles) 
thiophene-free benzene (75c.c.) and a crystal of iodine. The reaction started on 
refluxing on the water-bath, and after heating on the water-bath for 3 hours 
most of the zinc went into solution, and the solution turned greenish. It was 
cooled and poured into ice and HCl and the whole mixture was extracted with a 
further quantity of benzene. The combined benzene layers were washed with 
water and a dilute solution of ammonium hydroxide. It was dried with calcium 
chloride. Benzene was removed on the steam-bath and the residue was finally 
distilled in vacuum. There were practically very little low or high boiling 
products and the required lactone was isolated, b.p. 175°-180°/8 mm., yield 5 g. 
(Found : C, 55.2; H, 7.1. C,,H,,O, requires C, 55.8; H, 7.0 per cent). 


Ethyl «-Carbethoxy-3-keto-pimelate (IV).—s-Bromopropionic acid was converted 
into acid chloride by adding thionyl chloride (1,5 moles) and allowing to stand 
overnight. Next it was distilled in water-pump, when the bromoacid chloride passed 
over as a clear mobile liquid boiling at 90°-95°. Sodium salt of ethyl malonate was 
prepared under benzene (100c.c.) from sodium dust (7.2 g.) and ethyl malonate 
(64 g.) and was cooled in ice-bath. To this was added s-bromopropionyl chloride 
(17 g.) and the whole mixture was allowed to stand at room temperature for 24 
hours and then refluxed in the steam-bath for 1 hour. It was decomposed with 
a small quantity of ice-cold HCl and extracted with benzene. On removal of 
benzene, the residue was distilled when most of the unchanged ethyl malonate 
was recovered. The higher boiling residue tended to decompose on attempted 
distillation. So it was treated with s-naphthalenesulphonic acid monohydrate 
(2g.) and heated slowly to 190°-200° in an oil-bath. Vigorous decomposition 
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started at about 130°. On cooling, it was poured into water, extracted with ether, 
dried with sodium sulphate and distilled. On distillation a fraction was 
collected boiling at 150°-180°/10 mm. ‘The residue was again treated with naphth:- 
lenesulphonic acid (2 g.) in the usual way and on working up, another fraction 
boiling at 145°-170°/2 mm. was collected. The total distillate was then redistillec, 
when it could be separated into two fractions. The first fraction boiled at 
120°-140°/2 mm. and the second fraction (3 g.) passed over at 150°-155°/2 mm. Both 
gave a red ferric chloride coloration in alcoholic solution. The first fraction may 
be ethyl s-keto-pimelate, which was not further investigated. The higher boiling 
fraction gave the following analytical figures. (Found: C, 55.6; H, 7.6. 
C,,H,.O; requires C, 55.6; H, 7.3 per cent). Treatment with a large excess of 
naphthalenesulphonic acid gave only low-boiling products. 


Ethyl cycloPentanone-2 : 3 : 3-tricarboxylate (V).—Sodium (1.6 g.) was dissolved 
in absolute alcohol (35 c¢.c.) and on cooling in ice, the above ester (10 g.) was 
added. The solution turned red, which faded somewhat on shaking after removal 
of the ice-bath. At the end of 10 minutes, iodine crystals (7.9 g.) were added in 
lots with shaking. The flask became hot and it was cooled in ice. “After addition 
was completed, it was allowed to stand for 2 hours. It assumed dirty colour. 
Most of the alcohol was removed under water-suction. The residue was diluted 
with water and extracted with ether. The ethereal solution was washed with 
sodium bisulphite solution, dried and distilled when a liquid (2 g.) boiling at 
145°-150°/3 mm. was collected. This fraction gave reddish violet ferric chloride 
coloration in alcoholic solution. (Found: C, 56.2;H,6.9. C,,H.,O; requires 
C, 56.0 ; H, 6.7 per cent). 


Ethyl «-Cyano-p-methyl-v-acety!- ital (X1I).—Ethyl diacetylacetate (14 g.) 
(Helv. Chim. Acta, 1952, 35, 2281) was mixed with ethyl -cyanoacetate (11 g.), 
ammonium acetate (3g. added in two portions), acetic acid (5c. c.) and benzene 
(40 c.c.) and refluxed in a water separator for 24 hours. It was extracted with benzene 
and washed theroughly with water to remove acetamide. It was finally dried and 
distilled. A fraction (5 g.) was collected boiling at 138°-142°/3 mm. It gave a red 
colour with ferric chloride in alcoholic solution. (Found: C, 58.8; H, 6.7. 
C,,;H,,0,N requires C, 58.4 ; H, 6.3 per cent). 


Ethyl -Cyano-g-methyl-p-cyano-y-acetylglutarate (XIII)—The above unsaturated 
ester (9g.) was dissolved in rectified spirit (50 c.c.) and to this was added a 
solution of potassium cyanide (4.5 g.) in water (25 c.c.). A crystalline precipitate 
separated, which was cooled in ice-bath and acidified with a cold dilute solution 
of HCl (6 c.c.) in water (6 c. c.) when a clear solution was obtained. - After standing 
at room temperature for half-an-hour, it was poured into excess of cold dilute HCl. 
The heavy oil separating at the bottom was taken up in ether and the ethereal 
solution was washed with water, dried and distilled when a viscous liquid passed 
over at 160°/2 mm., yield 3 g. (Found: C, 56.9; H, 6.3. C,;,H,,O;N, requires C, 
57.1; H, 6.1 per cent). 
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Ethyl -Carbethoxy-p-methyl-v-acetylbutyrate (XIV).—The above dicyano-ester (7 g.) 
was refluxed with HCl (conc., 15 c.c.) and water (5 cc.) for 20 hours, The 
solution was next evaporated in vacuum and extracted repeatedly with 
ether. A viscous gummy mass was obtained which after thorough drying 
was esterified with alcohol (30 c.c.) and sulphuric acid (3.5 c.c.) for 24 hours on the 
boiling water-bath. The alcohol was removed and the residue was extracted with 
ether after dilution with water and finally distilled when the keto-diester passed 
over at 140°-145°/7 mm., yield 3g. (Found; C, 58.7; H; 86, C,,.H,.O; requires 
C, 59.0 ; H, 8.2 per cent). 


The semicarbazone was prepared in the usual way, which on crystallisation from 
ethyl acetate/petroleum ether melted at 99-100°. (Found: N, 14.2, C,,H,,;0;N, 
requires N, 13.9 per cent). 


Ethyl-x-cyano-x-allyl-g-methyl-p-cyanoglutarate (IX).—Ethyl acetoacetate (46 g.) was 
condensed with ethyl cyanoacetate (40 g.) in presence of ammonium acetate 
(7 g.), acetic acid'(15c¢.c.) and benzene (€0 c.c.) in the usual way. On reflux- 
ing for 16 hours and working up in the usual manner, the unsaturated ester 
(40 g.) was isolated, boiling at 147-48°/9 mm. Elements of hydrocyanic acid were 
added to this ester under conditions described before, and the dicyano-ester was 
obtained in a very good yield. This ester (2) g.) was converted into its sodium 
salt in an alcoholic solution containing alcohol (40 c.c.) and sodium (2g), After 
half-an-hour, allyl bromide (14 g.) was added when an immediate reaction set in 
with consequent boiling of alcohol and attended with separation of sodium 
bromide. Next it was refluxed for two hours on the water-bath and poured into 
water. The mixture was extracted with ether and the ethereal solution was washed 
with water, dried and distilled, when the allyl compound passed over at 160-62°/2 mm. 
as a thick yellowish mass, yield 21 g. (Found: C, 61.6; H,6.9. C,,H,,O,N, 
requires C, 61.6 ; H, 6.8 per cent). 


Ethyl x-Allyl-p-methyl-p-carbethoxyglutarate (X).—The above ester (14 g.) was heated 
on the water-bath for two days with sodium hydroxide (16 g.) in water (64 c.c.) 
and finally refluxed for 20 hours when no more ammonia was evolved. It was 
acidified with H,SO, (16 c.c,), diluted with ice. The pasty mass was extracted 
with a large volume of ethyl acetate. The solvent was removed and finally in 
vacuum. The solid residue was heated to 180°-190° for half-an-hour and esterified 
by refluxing for 3 days with a mixture of alcohol (35 c.c.) and H,SO, (5c.c., 
d 1,84) after first allowing it to stand at room temperature for one day. On 
removing alcohol under suction, the residue was worked up, and on distillation there 
was a considerable low-boiling fraction (3 g., 809-90°/4 mim.) and the desired product 
passed over at 150°-155°/4 mm., yield 3 g. It was found unsaturated to bromine. 
(Found : C, 60.6 ; H, 8.2. C,,H,,O, requires C, 61.1 ; H, 8.2 per cent), 


Ozonisation of the Ester (X) to (XI).—The above unsaturated ester (5¢.) was dis- 
solved in acetic acid (10 c.c.) and cooled in tap-water, A stream of oxygen containing 
3 
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ozone (0.8 g. of ozone per half-an-hour) was passed through the solution until there 
was liberation of iodine in the guard-tube containing potassium iodide solution, 
acidified with acetic acid, On testing the ozonised solution with bromine in 
acetic acid there was no decolorisation. Next the solution was diluted with 
ether (40c.c.) and cooled in ice-water. Zinc dust (10 g.) was gradually added 
with stirring. After the reaction slackened it was removed from the ice-bath, 
and after sometime it was treated with water (2c.c.) in two portions. After the 
vigour of the reaction had subsided it was brought to room temperature and 
tested with potassium iodide-starch paper. The test being negative, it was 
filtered off and washed with sodium carbonate solution. On drying it was 
distilled in vacuum. ‘T'wo fractions were collected, one boiling at 130°-135°/1 mm, 
(a small fraction) and the other boiling at 150°-155°/1 mm, The latter fraction 
was redistilled and analysed. [Found : C, 56.1, 56.3; H, 7.47, 7.5. C,,;H,,O; (open- 
chain aldehydo-ester) requires C, 56.9, H, 7.5 per cent]. It could not be 
characterised by the formation of any derivative like semicarbazone because 
of the extremely high solubility of the latter in all organic solvents. Nor it 
could be identified as its dinitrophenylhydrazone, which separated as an oil. 


The product isolated after attempted ring-closure with piperidine acetate 
was recovered, which on distillation was analysed. (Found: C, 56.9; H, 7.59, 
C,;H.,O; requires C, 56.9; H, 7.5 per cent). 


Ethyl «-Allyl-xp-dicyanobutyrate (XV.)—Acetaldehyde cyanohydrin (7 g.) was 
condensed with the sodium salt of ethyl cyanoacetate in alcohol. It was allowed 
to stand overnight. Next day allyl bromide (12 ¢.) was added. Soon there was 
a separation of sodium bromide and finally it was refluxed on the water-bath 
for 6 hours on the next day. The reaction mixture was poured into water 
and extracted with ether. The ethereal solution was finally distilled when 
whole of the product (15 g.) came at 140°-155°/10 mm, Next it was again treated 
with sodium (0.4g.) in alcohol (10c.c,) in the cold and boiled with allyl 
bromide (3 g.) on the water-bath to complete the alkylation; yield 13.5 g, 
(Found: C, 64.1; H,7.0. C,,H,,O,N, requires C, 64.07 ; H, 6,8 per cent), 


4-Ethylenedioxy-pentan-2-one (XVI1).—Acetylacetone (100 g.), benzene (200 c.c.), 
ethyleneglycol (60 g.) and p-tolylsulphonic acid (1 g.) were refluxed in a flask fitted up 
with a constant water separator. It turned brown gradually and water (18 c.c.) 
separated in the course of 6 hours. It was next cooled and poured into a dilute 
solution of NaOH (500 c.c., 10%) containing sodium chloride. Benzene layer was 
separated, washed thoroughly with water, dried and distilled through a frac- 
tionating column. The fraction boiling at 160°-200° was collected and another frac- 
tion came at 225°-230°. The first fraction was again refractionated when it passed 
over at 185°-190°, yield 40 g. 


XB 
Ethyl «-Cyano-p-methyl-3-ethylenedioxy-/\ -hexenoate(XVII).—The above compound 
(20 g.), ethyl cyanoacetate (16 g.), piperidine (3 c.c.), acetic acid (1.5 c.c.) and benzene 
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(100 c.c.) were refluxed in a flask fitted with a constant water separator. In 24 hours, 
water (2.6 c.c.) separated and the solution turned yellow and finally orange-yellow. 
Next it was poured into sodium carbonate solution and extracted with benzene. 
The benzene solution was washed with water, dried and distilled. ‘There was a 
considerable low-boiling fraction and the desired unsaturated ester was obtained 
boiling at ..5°-140°/1.5 mm. (bath temperature), yield 18g. (Found : C, 60.5; H, 7.5. 
C,,H,;0,N requires C, 60.2 ; H, 7.1 per cent). 


Ethyl «8-Dicyano-p-methyl-3-ethylenedioxyhexoate (XVIII)—The above unsaturated 
ester (23 g.) was dissolved in alcohol (100 c.c.) and cooled in ice-water and to this 
was added a cold solution of potassium cyanide (13.2 g.) in water (75 c.c.). The 
solution turned slightly yellowish. To this, cooled in ice, was added a cold solution 
of HCl (conc., 12 c.c.) and water (60 c.c.). It was allowed to stand in the cold for 
15 minutes. Next it was poured into crushed ice and water containing HCl (conc., 
10 c.c.) when a heavy layer separated at the bottom. The solution was immediately 
extracted with chloroform in the cold and the aqueous layer was saturated with 
common salt and again extracted with chloroform. The chloroform layer was 
separated, washed with water, dried and distilled when the dicyano-ester distilled 
over at 160°/1 mm, (bath temperature), yield 24g. The dicyano-ester is sparingly 
soluble in ether. (Found: C, 58.8; H,6.9. C,,;H,,0,N, requires C, 58.6; H, 6.7 
per cent). This on hydrolysis with HCl and esterification gave the keto-ester 
(XIV) which was identified by the semicarbazone, described before, m.p, 100°. 


Ethyl «-Allyl-x8-dicyano-p-methyl-s-ethylenedioxyhexoate (XIX).—Sodium (2.4 g.) was 
dissolved in absolute alcohol (55 c.c.) and cooled in ice and to this was added the 
above dicyano-ester (XVIII, 25 g.) in alcohol (20 c.c.). The solution turned slightly. 
yellowish. After half-an-hour allyl bromide (14 g.) was added. Within a short 
time the reaction started with copious separation of sodium bromide. Next it 
was refluxed for 2 hours on the water-bath. It was then diluted with water and 
extracted with ether. The ethereal solution was dried and distilled, when practi- 
cally whole of the residue passed over at 195°/2 mm. (bath temperature), yield 26 g. 
(Found : C, 63.1; H, 7.4. C,,H,,0,N, requires C, 62.7 ; H, 7.1 per cent). 


Ethyl «-Allyl-«6-dicyano-g-methyl-y-acetylbutyrate (XX)—The ethereal extract (ca. 
250 c.c.) from another batch of condensation of the dicyano-ester (25 g.) with 
allyl bromide (14 g.) was mixed in the cold with a cold solution of HCl (conc., 10 
c.c.) and water (10 c.c.) and sufficient methanol to make a homogeneous solution and 
the whole was allowed to stand at room temperature for two days. Next it 
was poured into water and extracted with a large volume of ethyl acetate after 
saturation with ammonium sulphate. It was then concentrated to a small volume 
and allowed to crystallise in the cold after addition of dry ether, when crystals 
separated on scratching with a glass rod. On allowing it to stand in the cold for 
two days, crystallisation was complete and then it was filtered off and the crystals 








894 P. C. DUTTA, P. K. DUTTA AND K. N. S. SASTRY 


were washed with a little cold ethyl acetate-ether mixture; yield 10g. On crystalli- 
sation from ethyl acetate-petroleum ether it melted at 95-96°. (Found: C, 64.2; 
H, 6.9. C,,H,,O;N, requires C, 64.1; H, 6.8 per cent). 


From the mother-liquor a reddish oil (9 g.) was isolated which on distillation 
passed over at 105°-107°/15mm. It polymerised completely on standing for a few 
days at room temperature. 


67-Dicyano-g-carbethoxy-v-methyl-€-ketoheptaldehyde (XX1).—The above unsaturated 
compound (15 g.) in ethyl acetate (300 c.c.) was cooled to 0° and ozonised by 
passing a. stream of oxygen containing ozone; the compound took the 
theoretical quantity of ozone in 3 hours. The reaction mixture was transferred 
to a three-necked flask fitted with an efficient stirrer. Glacial acetic acid (100 c.c.) 
was added, followed by zinc dust (80g.). It was stirred and heated slowly until 
temperature rose to 50°, when the reduction proceeded rapidly and temperature 
went up to about 65°. Reduction was complete in course of 2 to 3 minutes ; it was 
tested with moist potassium iodide-starch paper. It was filtered and zinc 
residues were washed with a further quantity of ethyl acetate (150 c.c.). The 
ethyl acetate solution was washed twice with water (300 c.c. and 150 c.c.) and 
dried with calcium chloride. On concentration of the mother-liquor, crystals 
began to separate, After addition of a little ether it was set aside in the cold, 
when crystals (6.5 g.) were collected; this on recrystallisation from ethyl 
acetate melted at 124-25°. (Found : C, 59.2; H,6.1. C,,;H,,0O,N, requires C, 59.1; 


H, 6.0 per cent), 


‘It gave a yellow dinitrophenylhydrazone, m.p. at 160°. As it was practically 
insoluble in all organic solvents no purification was possible for analysis. 


Acetyl-4-carbethoxy-4 : 5-dicyano-5-methyl-/\'-cyclopentene—(XXII). Another batch 
of ethyl acetate solution obtained from ozonisation and subsequent treatment 
with zinc dust and acetic acid was freed from acetic acid as far as possible after 
washing with water, as described before, and was treated with piperidine (5 drops) 
and acetic acid (5drops). The solvent was removed in a steam-bath and concen- 
trated to 30 c.c. It was diluted with ether and allowed to crystallise in the ice- 
chest when crystals (4.5 g.) were collected, which on recrystallisation from ethyl 
acetate/petroleum ether melted at 83-84°. In one case, process on deketalisation 
with acid and cyclisation with piperidine was repeated to get this yield of the 
unsaturated compound. (Found: C, 63.4; H,5.8. C,,H,,0O,N, requires C, 63.4; 


H, 5.7 per cent). 


3- Acetyl-2-methyl-1-carboxycyclopentan-1 : 2-dicarboxy-imide (X XIII) ?—The above cyelo- 
pentene derivative (2.5 g.) was hydrogenated in alcoholic solution in presence of 
Pd/C (10%) and the gummy residue, left after removal of alcohol, after filtration 
was hydrolysed with HCl (conc., 10 c.c.) for 4 hours, when some crystals separated. 
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This was cooled, filtered and washed with water. T'arry matter was removed by 
washing with a little ethyl acetate and finally it was crystallised from a large 
volume of ethyl acetate, in which it was sparingly soluble, yield-250 mg., m.p. 229-30°. 
(Found : C, 55.4; H, 5.6; N, 6.2.C,,H,,0;N requires C, 55.2; H, 5.4; N, 6.4 per cent). 


On standing at room temperature for three months the melting point was 
found to be about 194-96°, which on recrystallisation from ethyl acetate melted at 
204-205°. (Found : C, 55.6; H,.5.4: N, 6.5 per cent). 


Ethyl Acetylcyclopentan-2-methyl-2 : 3-dicarboxylate (XXIV).—The unsaturated keto- 
dicyano-ester (XXII, 3g.) was catalytically hydrogenated with Pd/C (10%, 0.3 g.) 
in alcoholic solution. The residue obtained after evaporating off the alcohol from 
the filtrate was taken with absolute alcohol (30 c.c.) in a flask (50 c.c.), fitted 
with a calcium chloride guard-tube. The solution was saturated with dry HCl 
gas in the cold and kept in the refrigerator overnight. It was refluxed in an oil- 
bath till the evolution of the dissolved HC1 ceased (about 6 hours). On cooling the 
mixture was again saturated with dry HCl gas in the cold and refluxed again for 
8 hours. The alcohol was removed under water suction and NaOH solution (15%, 
60 c.c.) was added to the residue. The mixture was refluxed in an oil-bath at 
120°-130° for 65 to 70 hours with constant mechanical stirring. The deep red solution 
was once washed with ether and on cooling acidified with HCl (conc.). The solid 
separating at this stage was removed by filtration and the clear filtrate was 
evaporated to dryness. ‘The residue was washed with acetone under suction until 
free from colour and the filtrate was evaporated to dryness. The product was 
refluxed with dry pyridine (5-6 c.c.) for 2} hours. Pyridine was evaporated off 
completely in vacuum. ‘To the residue a mixture of absolute alcohol (20 c.c.) and 
H,SO, (conc., 5 c.c.) was added and the mixture was refluxed in an oil-bath for 
18 to 19 hours. Alcohol was partly removed and on cooling it was poured into 
excess of water. The separated oil was taken up with ether and the ethereal 
solution was washed with water and sodium carbonate solution (5%), again with 
water and dried over anhydrous sodium sulphate. The solvent was removed by 
distillation and the residue on sublimation at 125°-130°/2 mm. yielded a colorless 
liquid, yield 1.10 g. For sample, the liquid was resublimed at 120°-125°/2 mm. 
(Found : C, 62.09; H, 8.04. C,,H,,O, requires C, 62.2; H, 8.1 per cent). 


Acetylcyclopentan-2-methyl-2 : 3-dicarboxylic Acid (XXV).—A small fraction (0.5 g.) 
of the above keto-ester was hydrolysed by refluxing with HCl (conc., 4c.c.) and 
water (l.c.c.) for 10 hours. After decolorising the solution with a little charcoal 
(acid-washed) and concentrating it to about half the volume, it was allowed to 
stand in the cold when long needle-shaped crystals separated, which were filtered 
and washed with a little ethyl acetate. The crystals on drying melted at 98-99° 
with previous softening at about 95°. For analysis, it was once recrystallised 
from ethyl acetate containing a few drops of petroleum ether, m.p. 101°, 
(Found : C, 56.5; H, 6.2, C,,H,,O, requires C, 56.1 ; H, 6.5 per cent.) 
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Major portion of these experiments were carried out during the tenure of 
anI.C.I. Fellowship under the aegis of the National Institute of Science of 
India by. one of us (P. C. D.) in the years 1946-47. Preliminary studies on 
acetylacetone were made at Harvard University for which one of us (P. C. D.) 
thanks Prof. G. Stork for granting him laboratory facilities. Some of the 
ozonolysis experiments were carried at the Chemical laboratories of the 
University of Ziirich for which grateful thanks are due to Dr. R. Schwyzer for 
his active help. Some of the analyses recorded here were carried out at Oxford 
(Dr. Weiler and Dr. Strauss). Thanks are also due to Dr. Peter Yates of Harvard 
University for taking the I. R. of a few samples with double-beam Infra-red 
spectrograph of Baird Associates Ltd. 
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[ Jour. Indian Chem. Soc., Vol. 31, No. 12, 1954 ] 


SYNTHESIS OF POLYNUCLEAR HYDROCARBONS WITH FUSED 
cylOPENTANE RING, PART III. APPLICATION OF 
THE DIELS-ALDER REACTION 


By SuRESH CHANDRA SEN GUPTA AND ANATHJIBAN BHATTACHARYYA 


The Diels-Alder reaction has been utilised for the syntheses of 1 : 2-cyclopentenophenanthrene, 
9 ; 10-cyclopentenophenanthrene and tricyclotrimethylenebenzene. ocloPentene-1: 2-dicarboxylic anhy- 
dride has been used as the dienophilic component in all the three syntheses. 


A few polycylic compounds with a fused cyclopentane ring had been 
synthesised by Bachmann and Kloetzel (7. Amer. Chem. Soc., 1938, 60, 2204) by 
an application of the Diels-Alder reaction between naphthylcyclopentenes and maleic 
anhydride. We have now found that /\'-cyclopentene-1 : 2-dicarboxylic anhydride 
can be used successfully as a dienophile and the adducts formed with suitable 
dienes can be decarboxylated and finally dehydrogenated when polycyclic hydro- 
carbons with a fused cyclopentane ring are formed. Experiments carried out for 
determining the activity of /\'-cyclopentene-1 : 2-dicarboxylic anhydride as a 
dienophile showed that though it formed a crystalline adduct (I) with anthracene 
in benzene solution when heated in a steam-bath, the formation of adducts 
with 1-vinylnaphthalene, 1:1’-bicyclohexenyl and 1:1’-bicyclopentenyl took place only 
under more drastic condition, when heated in xylene solution at 140° to 150° 
for several hours. 





A synthesis of the interesting hydrocarbon 1 : 2-cyclopentenophenanthrene 
has been accomplished starting from /\!-cyclopentene-1 : 2-dicarboxylic anhydride 
and 1l-vinylnaphthalene. Equimolecular amounts of the two substances, when 
heated in xylene solution at 139°-142°, formed an adduct which seemed to be 
a mixture of 1 : 2-cyclopenteno-1:2 ; 3: 10a-tetrahydrophenanthrene-1:2-dicarboxylic 
anhydride (II), and a little polymerised material. It was expected that the 
adduct (II) might easily be isomerised to the naphthalene derivative (III). The 
structure of the paimary adduct has been proved to be (II) by perbenzonic acid 
titration, which gives a value of 1.68 for the number of ethylenic linkings in the 
molecule, the alternatives beings 2 for (II) and Ofor (III). The adduct (II) has, 
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however, been readily isomeriséd to (III). The adduct (II) was dissolved by heating 
with caustic potash solution and on acidification with hydrochloric acid gave the 
isomer (III). Isomerisation has also been effected by heating (II) with hydrogen, 
chloride in acetic acid solution (cf. Cohen and Warren, 7. Chem. Soc., 1937, 1315). 
The saturated character of (III) has been shown by its negligible absorption of 
oxygen from perbenzoic acid, 


Co 
o's () \ 

HC co 
a+ P— OO 
(IT) 


CO 
YO 
2 


SS 


CO 


a C 
(IV) 


(III) 


It was expected that (II) or (IIT) on dehydrogenation with selenium would give 
1 : 2-cyclopentenophenanthrene (IV), but it was noted that on heating (III) with 
selenium no decarboxylation took place though selenium hydride was evolved. 
From the reaction mixture a crystalline material has been isolated, the analytical 
values of which strongly indicate that the anhydide ring is in tact. 


When, however, the calcium salt of the adduct (III) was heated with 
lime, -decarboxylation and partial dehydrogenation took place giving a sublimate 
‘which seemed to be a mixture of 1 : 2-cyclopentenophenanthrene and its partially 
hydrogenated derivative. From this mixture 1 : 2-cyclopentenophenanthrene could 
not be obtained in pure condition by crystallisation or through the picrate. This 
sublimate was then dehydrogenated with selenium when 1 : 2-cyclopentenophenan- 
threne (IV) was obtained (m.p. 136-37°) in a pure condition (Kon, 7. Chem. Soc., 
1933, 1087 ; Cook and Hewett, idid., 1933, 1103). 


The synthesis of 9: 10-cyclopentenophenanthrene (VII) was carried out as 
in the former case starting from /\!-cyclopentene-1 ; 2-dicarboxylic anhydride 
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and 1: 1’-bicyclohexenyl. The two combine to form an adduct 9: 10-cyclopenteno- 
dodecahydro-9 : 10-dicarboxylic anhydride (V).. This anhydride also dissolved 
in caustic potash solution with difficulty and on acidification with hydrochloric 
acid, the corresponding dicarboxylic acid (VI) was precipitated and not the 
anhydride. The calcium salt, prepared from the adduct (V) on distillation with 
lime under slightly reduced pressure, was decarboxylated and the liquid dis- 
tillate on dehydrogenation with selenium gave 9: 10-cyclopentenophenanthrene 
(VII). After purification through its picrate the hydrocarbon was obtained as 
needles, m.p. 149°. Bachmann and Kloetzel give m.p. 149-50° (7. Amer. Chem. Soc., 
1937, 59, 2207). 
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Tricyclotrimethylenebenzene (X) had been synthesised by Wallach (Ber., 1897, 
30, 1096) by the action of. hydrogen chloride on cyclopentanone. We have now 
synthesised this hydrocarbon in an unambiguous method by the application of the 
Diels-Alder reaction. /\1-cycloPentene-1 : 2. dicarboxylic anhydride condensed with 
1: 1’ bicyclopentenyl when heated in xylene solution at 140°-150° to yield the adduct 
1: 2:3: 4-tetrahydrotricyclotrimethylenebenzene-2 : 3-dicarboxylic anhydride (VIII). 
This adduct also dissolved in caustic potash solution with difficulty and on 
acidification of the potassium salt solution with hydrochloric acid gave the 
corresponding dicarboxylic acid (IX). The calcium salt of this acid on distillation 
with lime under slightly reduced pressure gave a distillate which was found to be 
a mixture of fricyclotrimethylenebenzene and its partially hydrogenated derivative, 
4 
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This distillate on fractionation gave a liquid fraction and a solid fraction. The 
solid fraction was proved to be tricyclotrimethylenebenzene (m.p. 97-98°), identical 
with the Wallach’s product. The liquid fraction also gave tricyclotrimethylene- 
benzene on dehydrogenation with selenium. 

| co 
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CO.H | 
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(1X) (X) 


ExPERIMENTAL 


Adduct (1) from Anthracene and /\'-cycloPentene-1 : 2-dicarboxylic Acid Anhydride.— 
Anthracene (2 g.) and anhydride of (\'-cyclopentene-1 : 2-dicarboxylic acid (2 g.) in 
dry benzene (15 c.c.) were heated in the steam-bath for 8 hours and then allowed 
to stand at the room temperature overnight when beautiful transparent crystals of 
the adduct separated out, yield 0.8 g. It was recrystallised from benzene, m.p, 
230°. The crystals became opaque on standing. (Found : C, 79.6; H, 5.4.C,,H,,0; 
requires C, 79.74 ; H, 5.06 per cent), 


Synthesis of 1: 2-cycloPentenophenanthrene (IV): 1: 2-cycloPenteno-1:2: 3: 10a- 
tetrahydrophenanthrene-1 : 2-dicarboxylic Acid Anhydride (II).—1-Vinylnaphthalene was 
prepared according to Cohen and Warren (7. Chem. Soc., 1937, 1318) from s-1- 
naphthylethyl alcohol. 1-Vinylnaphthalene (10 g.) and anhydride of A !-cyclopentene- 
1 : 2-dicarboxylic acid (11 g.) and dry xylene (15 c.c.) were heated in an oil-bath at 
139°-142° for 2 hours, after which the mixture was kept in a refrigerator for 2 
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days when the crystalline adduct separated. This was filtered, washed witha 
little cold benzene and crystallised from dioxan, m.p. 172-73° (sintering earlier). 
(Found: C, 77.8; H, 5.74. C,, H,, O; requires C, 78.09 ; H, 5.47 per cent). Perben- 
zonic acid titration corresponded to a consumption of 1.68 atomic proportion of 
oxygen per molcule against the required value of 2. 


1 : 2-cyclopenteno-1 : 2: 3 ; 4-tetrahydrophenanthrene-1 : 2-dicarboxilic Anhydride (I11).— 
(a). The above adduct (II) was boiled with 40% caustic potash solution when it slowly 
dissolved. The solution was cooled, acidified with hydrochloric acid, filtered, and 
the residue crystallised from ethyl alcohol in flakes, m.p. 183° (decomp.) *(Found : 
C. 77.8 ; H, 5.62. C,,H,,O, requires C, 78.08 ; H, 5.47 per cent). 


(6). When the above adduct (II) was boiled for one hour with glacial acetic 
acid, saturated with hydrogen chloride, it passed into solution and on cooling, 
crystals separated out. On crystallisation from alcohol it had m.p. 183°; and 
remained unaltered when mixed with an equal amount of compound (III), obtained 


by method (a). 


Decarboxylation and Dehydrogenation of 1: 2-cycloPenteno-1:2:3: 4-tetrahydro- 
phenanthrene-1 ; 2-dicarboxylic Acid Amhydride to 1: 2-cycloPentenophenanthrene (IV).— 
The compound (III) (1.1 g.) was heated with selenium (2.5 g.) at 300°-320° for 
24 hours. The product sublimed in the reaction vessel and was extracted with 
ether, ether distilled off and the residue was purified by repeated crystallisation 
from alcohol in flakes, m.p. 163° (shrinking at 160°). #(Found : C, 79.29; H, 5.33. 
C,,H,,O; requires C, 78.62 ; H, 4.83 per cent.) Perbenzoic acid titration indicated 
no consumption of oxygen. The isomerised adduct (III, 3g.) was boiled with 
strong caustic potash solution till it dissolved. To the clear solution calcium oxide 
was stirred in and the mixture evaporated to dryness on the water-bath. The 
calcium salt was mixed with calcium oxide and dry distilled in a pyrex test tube 
when 1.2g. of a sublimate was obtained. This was crystallised from alcohol 
when an unsharp melting substance (m.p. 115°-119°) was obtained and from 
this no sharp melting picrate could be prepared. The crude sublimate (1 g.) 
was heated with powdered selenium (3 g.)for 24 hours in a metal bath at 
300°-320°, the product was extracted with ether, solvent removed and the residue 
was distilled over sodium under reduced pressure. The solid distillate was 
converted into its picrate in alcohol. It crystallised from alcohol in orange- 
yellow needles, m.p. 133-34°. The hydrocarbon was regenerated from the picrate 
and crystallised from alcohol in colorless leaflets, m.p. 136-37°. It was noted that 
slow crystallisation from alcohol gave needle-shaped crystals with the same m.p, 
*(Found : C, 93.69; H, 6.29. C,,H,, requires C, 93.69; H, 6.3 per cent). 


The trinitrobenzene derivative of the hydrocarbon crystallised from alcohol 
in yellow needles, m.p. 167°. (Found : C, 63.8; H, 3.94. C,,H,;O,N, requires C, 
64.03 ; H, 3.9 per cent). Kon (loc. cit) gives m.p. of 1 ; 2-cyclopentenophenauthrene, 
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its picrate and its trinitrobenzene derivative as 135-36°, 133-34° and 165°.5 
respectively. 


Synthesis of 9 ; 10-cycloPentenophenanthrene (VII) : 9 : 10-cycloPenteno-1 :2:3:4:5; 
6:7:8:9:10: 9a: 10a-dodecahydrophenanthrene (V).—A mixture of 1 : 1’-bicyclohexenyl 
(14 g.),A\'-cyelopentene-1 : 2-dicarboxylic acid anhydride (16 g.) and dry xylene 
(15 c.c.) was heated in an oil-bath at 150° for 9 hours. Xylene was then removed 
by steam distillation and the solid residue was crystallised from dioxan in 
stout needles, m.p. 140°, yield 8g. (Found: C, 76.2; H, 8.2.C,,H,,O; requires 
C, 76.0 ; H, 8.0 per cent). 


The dicarboxylic acid (VI), corresponding to the adduct (V), was obtained by 
dissolving the purified adduct in boiling KOH solution and precipitation with 
HCl. It was crystallised from alcohol in needles, m.p. 187°. (Found: C, 72.1; 
H, 8.6. C,,H,,O, requires C, 71.69; H, 8.18 per cent). 


Decarboxylation and Dehydrogenation of the Adduct (V) to 9 : 10-cycloPentenophenanthrene 
(VII).—The adduct (V, 8 g.) was boiled with a KOH solution (conc.) and to the 
clear solution calcium oxide was added and the solution was evaporated to 
dryness on the water-bath. The calcium salt was powdered, mixed with lime, 
and dry distilled from a pyrex test tube under a slightly reduced pressure. The 
liquid distillate obtained was taken in ether, dried with calcium chloride and the 
solvent removed. The liquid product (4 g.) was then heated with selenium (12 g.) 
at 300°-320° for 24 hours, extracted with ether, solvent removed and the residue 
was distilled over sodium under reduced pressure. The first fraction of the 
distillate was a liquid and the second fraction was a solid (0.8. g), The solid 
fraction was converted into the picrate in alcoholic solution and was obtained as 
bright red needles, m,p. 165-66°. (Found: C, 69.0; H, 4.4.C,,;H,;,0,N; requires 
C, 69.17 ; H, 4.26 per cent). 


The hydrocarbon was regenerated from the picrate and crystallised from 
alcohol in fine long needles, m.p, 149°. (Found : C, 93.6 ; H, 6.7.C,,H,, requires 
C, 93.7; H, 63 per cent) The trinitrobenzene derivative crystallised from 
alcohol in reddish yellow needles, m.p. 191°. The styphnate crystallised from 
ethyl alcohol in orange needles, m.p. 182-83°, it readily broke down to the 
hydrocarbon even during recrystallisation from alcohol. 


Synthesis of -Tricyclotrimethylenebenzene (X) 


1:2:3: 4-Tetrahydrotricyclotrimethylenebenzene-2 : 3-dicarboxylic Anhydride (VIII).— 
On mixing 1: 1’-bicyclopentenyl (20 g.), anhydride of /A\'-cyclopentene-1: 2-dicar- 
boxylic acid (21 g.) and dry xylene (15 c.c.) much heat was evolved. The mixture 
was then heated in an oil-bath at 140°-150° for 6 hours, left overnight at room tem- 
perature and xylene was removed by steam distillation. The solid residue was 
crystallised from rectified spirit in thick plates, m.p. 90°, yield 20 g. (Found: C, 
74.9 ; H, 7.6. C,;,H,.O; reruires C, 74.98 ; H, 7.35 per cent). 
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The dicarboxylic acid (IX) corresponding to the adduct (VIII) was obtained by 
dissolving the adduct in boiling KOH solution and precipitation with HCl. It crys- 
tallised from rectified spirit in thick hexagonal plates, m.p. 197°. (Found : C, 70.8; 
H, 8.0. C,;H,,0, requires C, 70.34 ; H, 7.58 per cent). 


Decarboxylation and Dehydrogenation of Adduct (VIII) to tricyclotrimethyleneben- 
zene (X).—The adduct (VIII, 15 g.) was dissolved in strong potash solution and sub- 
jected to the same treatment as outlined in the previous compound with KOH and 
lime. The liquid distillate was extracted with ether, dried with calcium chloride 
and ether removed when a liquid residue (5 g.) was left. This was distilled under 
reduced pressure when the first fraction (a) collected was a liquid with a greenish 
tinge, b.p. 145°-150°/8 mm. and the second fraction (4) distilling at about 200°/8 mm. 
solidified readily. ‘The solid distillate (6) ‘was crystallised from ethyl alcohol in fine 
needles, m.p. 97-98°. (Found : C, 91.0; H, 9.2.C,,H,, requires C, 90.9 ; H, 9.1 per 
cent). Wallach (loc. cit.) gives the m.p. of tricyclotrimethylenebenzene as 96-97°. 
The liquid fraction (a) was dehydrogenated by heating with selenium at 300°-320° 
when a further amount of tricyclotrimethylenebenzene was obtained. 


The analyses marked with an asterisk were carried out by Drs. Weiler and 
Strauss of Oxford, the remaining analyses were carried out by the National 
Chemical Laboratory of India. 


All the expenses incurred in this investigation were met from a Research 
Grant sanctioned by the Government of West Bengal. 
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MIXED TERTIARY ALKOXIDES OF ZIRCONIUM 


By RAM CHARAN MEHROTRA 


A novel method for preparing the mixed tertiary alkoxides has been described which consists 
in treating zirconium tetra-tertiary butoxide with a calculated quantity of primary alcohol. A highly 
exothermic reaction occurs andthe new compounds, Zr (OMe)(OBut )3. Zr (OMe)2(OBut )o and 
Zr(OEt )2(OBut ) 2 have been prepared by this process. A rough measure of the heat of reaction 


R 
gave the energy of the bond o> Zt 8k. cals. The preparation of pure compounds by the above 
Zr 


simple procedure indicates a ready radical-interchangeability among the alkoxy groups in these 
compounds, and this has been experimentally shown to be correct. Ebullioscopic measurement of 
molecular weights of the mixed alkoxides shows them to be associated. indicating that steric and 
not (+1) effects determine the associated nature of the alkoxides. 


In a number of recent communications Bradley, Mehrotra and Wardlaw (7. Chem. 
Soc., 1952, 2027, 4204, 5020 ; 1953, 2025) have demonostrated that steric effects play an 
important part in determining the structure and volatility of zirconium alkoxides. 
It has been shown that the effective shielding by the branched alkoxide groups 
prevents strong intermolecular bonding of the tertiary alkoxides of zirconium. 
However, the alternative explanation was also considered that the (+I) inductive 
effect of the tertiary alkyl group could also be responsible for the striking 
properties of the tertiary alkoxides. For example, the structure R-O*=Zr- 
would be stabilised by the (+1) effect of the group R and may contribute, at least 
partially, for the monomeric character of the tertiary alkoxides. A study of the 
mixed tertiary alkoxides would be of great interest from this point of view. 
For example, in the compounds of the type Zr (OR) (OBu! ); and Zr (OR), (OBut ), 
(where R is a methyl or ethyl radical), the (+I) effect will be present to an 
appreciable extent and the presence of a primary alkyl group may, in fact, enhance 
the inductive effect of the tertiary group. Hence, the above compounds also 
should be monomeric, if the inductive effect is the predominant factor. However, 
steric considerations would predict a greater molecular association of these 
compounds compared to the zirconium tetra-tertiary butoxide. 


The mixed tertiary butoxides were first obtained in the attempts to prepare 
zirconium tetra-tertiary butoxide from the methoxide or ethoxide (7. Chem. Soc., 
1952, 4204). On treating zirconium methoxide with tertiary butanol in the presence 
of benzene, it was found that the end-product was mainly monomethoxide 
zirconium tertiary butoxide, and further interchange was very slow. Similar 
observations have been made by the author (this Journal, 1953, 30, 585) for alumi- 
nium isopropoxide-tert.-butyl alcohol reaction. It was therefore considered 
of interest to study the reaction of zirconium methoxide with tertiary amly 
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aleohol. It has been found that the final product of the alcohol interchange is 
viven by the following equation : 


Zr(OMe), +3 Am! OH — Z1(OMe) ( OAm! ), +3 MeOH. 


Even on long refluxing the reaction could not be pushed further. It is suggested 
that the mixed alkoxide has the structure, given below, which is based on its 
dimeric nature in boiling benzene : 


OMe 
(OAm! ), Ux Yer (OAm ), 
OMe 


This compound does not interchange the remaining methoxy group with tertiary 
amyl group, because the zirconium atom is so well shielded that it cannot 
co-ordinate with a fresh tertiary group. On disproportionation, this compound 
was found to give the tetra-tertiary amyloxide and mono-tertiary amyloxide 
trimethoxide of zirconium according to the following equation : 


3 Zr( OAm ),(OMe) —> 2 Zr( OAm ), + Zr ( OAm! )(OMe);. 


Similarly, it was already described that zirconium tetra-ethoxide on treatment 
with tertiary butyl alcohol gavea mixed alkoxide which on disproportionation 
gave the tetra-tertiary butoxide and diethoxide di-tertiary butoxides of zirconium. 
This last compound has b.p. 190°/1.5 mm. which suggests an associated molecule. 


From the above interesting observations it was considered worth while to 
prepare the mixed tertiary alkoxides in a pure state and study their molecular 
association. A novel method of preparing the mixed alkoxides was found by 
treating the zirconium tetra-tertiary butoxide with a stoichiometric quantity of 
of methyl or ethyl alcohol (ROH) when a highly exothermic reaction occurred 
with the formation of the mixed alkoxide in quantitative yield : 


Zr ( OBut ), + ROH ——> Zr ( OBu‘ ), (OR) + Bu‘ OH. 

Zr ( OBu! ), +2 ROH ——> Zr( OBu! ), (OR), + 2Bu‘OH. 
Mono- and di-methoxy zirconium tertiary butoxide and diethoxy zirconium di- 
tertiary butoxide were prepared bythe above method. Their molecular weights 
were measured ebullioscopically in benzene and they were found to show the 
following degrees of molecular association. 


Compound. Formula weight. M. W, in benzene. Molecular 
complexity. 
Zr(OMe) ( OBut )s 341.6 740 2.16 
Zr (OMe): ( OBut )e 299.5 1360 4.53 


Zr (OEt)g ( OBut )g 327.6 954 2.9] 
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Evidently, the above reactions occur in two stages ; firstly the tertiary butoxid: 
group is replaced by the primary alkoxide group and then the mixed alkoxide, s 
formed, polymerises; this exothermic reaction can be represented by th 


following typical equation : 
- 


2 Zr(OMe) (OBu' ),- > (Bu! O20 oo at BU ); + heat, 
Me 


A measure of the above heats of reaction should give an idea of the intermolecular 
bonding. For example, a rough approximation gave the heat of reacting a mole of 
zirconium tetra-tertiary butoxide with a mole of methanol as 16 k. cals. which gives 


an approximate value of 8 k. cals. per q>° + Zr bond. This approximate value 


is in fair agreement with the value (9 k. cals.) estimated from the latent heats. of 
the various alkoxides (cf. 7. Chem. Soc., 1953, 2025). 


Another interesting feature of the above method of synthesising the mixed 
tertiary alkoxides can be illustrated by the following example: On treating zirco- 
nium tetra-tertiary butoxide with methanol (molar ratio 1:2), a highly exothermic 
reaction occurred and the product did not dissolve in boiling benzene in the begin- 
ning. However, on refluxing for some time, the product went into clear solution 
showing that the insoluble zirconium methoxide reacted with the excess zirconium 
tertiary butoxide with the formation of dimethoxy zirconium di-tertiary butoxide 
in quantitative yield. The validity of this assumed radical-interchangeability was 
tested by refluxing together in benzene an equimolecular mixture of dimethoxy 
zirconium di-tertiary butoxide and zirconium tetra-tertiary butoxide, when mono- 
methoxy zirconium tri-tertiary butoxide crystallised out : 


Zr (OMe), (OBu! ), +Zr(OBu! ), —> 2 Zr (OMe) (OBut ),. 


Finally, the associated nature of these mixed tertiary alkoxides shows that 
the volatility and monomeric nature of the tetra-tertiary alkoxides of zirconium are 
not due to the (+I) effect of the tertiary alkoxide groups but are due to steric 
hindrance. 


ExPERIMENTAL 


All-glass apparatus with interchangeable joints was used throughout and 
special precautions were taken to exclude moisture. -The addition of primary 
alcohols to the zirconium tetra-tertiary butoxide was carried out by a weight pip- 
pette in a dry box. 


Methyl, ethyl, isopropyl, tert.-butyl, tert.-amyl alcohols and benzene were 
B. D. H. (Reagent grade) products and were dried and purified carefully by methods 
already described (Mehrotra, loc. cit.). 
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Zirconium tetramethoxide was prepared by refluxing twice zirconium isopro- 
poxide with a large excess of methyl alcohol (7. Chem. Soc., 1953, 4204). Zirconium 
tetra-tertiary butoxide was prepared by treating zirconium isopropoxide with 
tertiary butyl acetate (Mehrotra, 7. Amer. Chem. Soc., 1954, 76, 2266) when isopropyl 
acetate was fractionated out, and the product on distillation gave zirconium tetra- 


tertiary butoxide (b.p. 102°/10.0 mm.). 


Analytical Methods.—Zirconium was estimated by dissolving the alkoxide in 
dilute hydrochloric acid and then precipitating and weighing as zirconium 
dioxide. 


For the determination of methoxide and ethoxide in the presence of tertiary 
butoxide, a weighed amount of the sample was allowed to stand for two hours 
with a measured volume of K,Cr,0O, (1 N solution in 12.5% H,SO,). 
The excess of K,Cr,O; was estimated iodimetrically. It was found that 
when the reaction mixture was kept in a cool place, the t¢ert.-butyl alcohol 
did not react with the dichromate and the ethyl alcohol was oxidised quanti- 
tatively to acetic acid. However, the oxidation of methyl alcohol was not 
quantitative and the formic acid formed was only slowly oxidised at the room 
temperature. The reaction mixture could not be heated to complete the oxidation 
of formic acid because under these conditions tertiary butyl alcohol was also acted 
upon. Hence, an empirical method was evolved. Along with the sample of the 
alkoxide was treated almost an equivalent amount of methyl alcohol separately 
under identical conditions and a comparison of the amounts of dichromate used 
gave the percentage of methoxy radical present in the sample under analysis. 
The ethoxy and methoxy analyses were done in triplicate and showed an overall 


agreement of better than 1%. 


Treatment of Zirconium Tetra-methoxide with tertiary Amyl Alcohol_—Zirconium tetra- 
methoxide was prepared as described earlier ( 7. Chem. Soc., 1952, 4204). To the 
product (46g. Zr=—42.23%, MeO=57.7%), thus obtained, were added tert.-amyl 
alcohol (25c.c.) and benzene (70 c.c.). The mixture was heated under reflux 
at a bath temperature of 130°-140° and the volatile products were fractionated 
through a column (40”) packed with Fenske helices and fitted to a total 
condensation variable take-off stillhead. After ome and half hours, the 
temperature of the distilling liquid fell from 79° to 59° and about 5 c.c. of the 
benzene-methanol azeotrope was collected between 59° and 64°. The temperature 
then rose to 70° and fell very slowly. Refluxing was continued for 10 hours, and a 
few drops of the distillate were collected every half an hour. Finally the tempera- 
ture of the distilling liquid remained constant for 2 hours and the remaining 
benzene and the excess alcohol were distilled slowly in 2 hours. The white 
suspension of zirconium methoxide slowly went into a clear solution as the 
azeotrope was collected. The product was dried under reduced pressure (0.2 mm.) 
at a temperature not exceeding 70° until the weight of the flask containing the 


5 








908 R. C. MEHROTRA 


material was constant; finally 82 g. of a pasty solid were obtained. Thc 
semi-solid product did not crystallise even when cooled to -80°, but solidified 
with a crackling sound to a transparent glass. [Found: Zr, 24.58, 24.62. 
Zr (OMe)(OAm ), requires Zr, 23.78 per cent). 


To confirm that the above mixed alkoxide did not undergo further alcohol 
interchange, the pasty solid (7.2 g.) was refluxed with tert.-amyl alcohol (50 c.c. 
at 150°—160° for 12 hours. A few drops of a liquid boiling at 98° were collected in 
the beginning and then the temperature did not fall by more than 0.5° below the 
boiling point (101.4°) of the tertiary amyl alcohol. The tertiary amyl alcohol was 
slowly distilled and the product dried to a constant weight under reduced pressure 
(0.2 mm.) at 70° for 12 hours when 7.2g. of a pasty solid was again obtained. 
On analysis, it gave 23.36% and 23.51% of zirconium, showing that the substanc< 
did not undergo any appreciable change during the second attempt at alcoholysis. 


Disproportionation of Zirconium Mono-methoxide Tri-tertiary Amyloxide.—The abov« 
product (6.3 g.) was heated under reduced pressure (0.3 mm.). The liquid began 
to reflux at a bath temperature of about 180°, when 4.2 g. of a mobile transparent 
liquid (zirconium tetra-tertiary amyloxide) distilled over at 100°-102°/0.3 mm. 
The residue (1.7 g.) in the distillation flask was dried under reduced pressurc 
(0.5 mm.) at 160° for 8 hours. The residue (1.6 g.) thus obtained, was a 
liquid at 160° and solidified at room temperature. (Found: Zr, 29.07, 29.47. 
Zr(OMe)..,(OAm! ) ,., requires Zr, 30.4 per cent]. Evidently, the product is tri- 
methoxide mono-tertiary amyloxide of zirconium mixed with a slight amount of 
zirconium tetra-tertiary amyloxide, which is difficult to be removed by distillation. 


Reaction of Zirconium Tetra-tertiary Butoxide with Methanol in 1: 1 molar ratio.—To 
freshly distilled zirconium tetra-tertiary butoxide (5.0 g., b.p. 74.5°/1.5 mm., Zr, 
23.8%) was added methyl alcohol (0.39 g.). The temperature of the reaction 
mixture at once rose to about 45°—50° and a white gelatinous mass separated out. 
To this product was added distilled benzene (10g.) and the mixture heated 
under reflux. The solid went slowly into solution in benzene after being refluxed 
for about 15 minutes. Refluxing was continued for another 15 minutes and then 
the clear solution was left to crystallise. As nothing crystallised out, the solution 
was taken to dryness and the white crystalline powder obtained (4.4 ¢.) was analysed. 
[Found : Zr, 26.74; OMe, 9.04. Zr (OMe)(OBu! ),; requires Zr, 26.70 ; OMe, 9.09 


per cent}. 


Reaction of Zirconium Tetra-terliary Butoxide with Methanol in 1:2 molar ratio.—To 
freshly distilled zirconium tetra-tertiary butoxide (6.09 g.) was added dropwise 
methanol (1.006 g.). The reaction mixture became very hot and a white gelatinous 
solid was immediately formed. After allowing the reaction mixture to cool down, 
benzene (about 25 c.c.) was distilled into it and the mixture was heated under reflux 
for 2 hours at bath temperature of 100°. The white suspension went into solution. 
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As no crystals appeared from the clear solution even after concentrating the solu- 
tion, the benzene was removed by distillation under reduced pressure (0.1 mm.) at 
the room temperature when 4.7 g. of a white crystalline powder was obtained. 
Found : Zr, 30.33; OMe, 20.52. Zr(QMe}.(OBu! ), requires Zr, 30.46; OMe, 20.74 


per cent]. 


Reaction of Zirconium Tetra-tertiary Butoxide with Ethanol in 1:2 molar ratio.—To 
freshly distilled zirconium tetra-tertiary butoxide (5.78 g.) was added dropwise 
cthanol (1.40 g.). Much heat was generated and the reaction mixture set to a pasty 
solid. About 15 c.c. of benzene was distilled to the mixture. The solid did not 
dissolve in benzene in the cold, but gave aclear solution on refluxing. The clear 
solution was refluxed for an hour. As nothing crystallised out of the clear solution 
even after allowing it to stand for more than 48 hours, the benzene was removed 
by distillation under reduced pressure (0.1 mm.) at room temperature when 5.3 g. of 
a pasty solid was obtained. This solid was distilled under reduced pressure using 
glass wool, when 4.5 g. of a glassy semi-solid distilled over (b.p. 193°/1.5 mm., 
175°/0.5 mm.). Wher cooled to -80°, the pasty substance became hard but again 
became semi-mobile when allowed to attain the room temperature, [Found : Zr, 
27.94 ;: OEt, 27.28. Zr (OEt).(OBu’ ), requires Zr, 27.85, OEt, 27.51 per cent]. 


Reaction of Dimethoxy Zirconium Di-tertiary Butoxide with Zirconium Tetra-tertiary 
Butoxide.—To the solid Zr (OMe).(OBu! ),(2.3 g.) was added from a weight pipette 
Zr (OBu' ), [molar ratio of Zr (OMe),(OBu! ),: Zr (OBu' ), was 1: 0.64 in the 
mixture]. No apparent reaction took place and no heat was generated. Benzene 
‘about 10 c.c.) was distilled to the mixture and it was refluxed for half an hour. 
Left overnight, it deposited colorless transparent crystals with almost the same 
refractive index as the mother-liquor, and hence, not easily visible. The clear 
solution was decanted off and the crystals dried for 2 hours under reduced pressure 
at room temperature when 1.5 g. of a white crystalline powder was obtained. 
‘Found : Zr, 28.6% ; MeO, 11.4% ; MeO: Zr=1.17). It is interesting to observe that 
this product which crystallises out of the solution has almost the same ana- 
lytical data as the product which crystallises out as a result of the alcoholysis of 
zirconium methoxide with tertiary butanol (cf. 7. Chem. Soc., 1952, 4207). 


» and 
Zr(OBu! ), in equimolecular ratio. To 1.5 g.of the former was added in a dry 
box 1.9 g. of the latter. No heat was evolved. About 5 c.c. of benzene was 
distilled and the mixture refluxed for about half an hour. Lett overnight, nothing 
crystallised out of the clear solution. The benzene was then removed by distilla- 
tion under reduced pressure at the room temperature and the product dried for two 
hours when 3.4 g. of a white crystalline powder was obtained. [Found: Zr, 26.81; 
OMe, 9.2. Cale. for Zr(OMe) (OBu! ), : Zr, 26.70 ; OMe, 9.09 per cent]. 


The above experiment was repeated by taking Zr(OMe), (OBu’ ), 


Determination of Molecular Weights—The molecular weights of the mixed alkoxides 
were determined ebullioscopically in benzene by the procedure already described 
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(this Journal, 1953, 30, 588). 


table. 





Alkoxide. No. of 
determns. 


Zr (OMe) ( OBut )3s 55 
Zr (OMe). ( OBut 5 
Zr (OEt)2 (OBut )p 4 


R. C. MEHROTRA 


The results are summarised 


TABLE I 


Range of m 
(solute). 


0.217—0,433 g. 


0.090—0.663 
0.420—1.020 


Benzene. 


briefly in the followine 


Molecular weight. 


Found. Calc, 
740 341.6 
1360 299.5 
954 327.6 


The author is deeply grateful to Prof. W. Wardlaw and Dr. D. C. Bradley for 


their very kind interest and encouragement in this work. 
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STUDIES IN CATALYTIC DEHYDROGENATION. PART V 


By SuRESH CHANDRA SEN GUPTA AND DHIRENDRA NATH CHATTERJEE 


Syntheses and catalytic dehydrogenation of 7-methyl-l : 2: 3 : 4-tetrahydronaphthalene-2 : 2- 
spiro- (2'-ethyleyclopentane) and 1:2:3:4:5 :6:7 : 8&-octahydroanthracene-2 : 2-spiro- (2'-ethyl- 
cyclopentane) have been studied. On catalytic dehydrogenation with Pt-C catalyst, the former yields 
3-methylpyrene and the latter, 3 : 4-benzopyrene. 


In our previous papers (this Journal, 1952, 29, 438 ; 1953, 30, 27 ; 1954, 31, 11) 
we had found that during catalytic dehydrogenation of spirans with a methyl 
substituent in the spiro-cyclopentane ring, ring transformation took place leading 
always to the formation of a phenanthrene derivative and the methyl group 
originally present in the spiro-cyclopentane ring was in no case eliminated. In 
Part IV of this series (this Journal, 1954, 31, 285) we had made the interesting 
observation that the spiran 1 : 2:3: 4-tetrahydronaphthalene-2 : 2-spiro- (2’-ethyl- 
cyclopentane) furnished on catalytic dehydrogenation not the expected ethylphenan- 
threne but the tetracyclic hydrocarbon pyrene as the sole product of dehydroge- 
nation. That the course of this peculiar ring transformation probably took place 
through the intermediate formation of a reduced 4-ethylphenanthrene and cyclode- 
hydrogenation of the latter, had been shown there. In order to ascertain whether 
similar ring transformation takes place with other spirans having an ethyl substi- 
tuent in the spiro-cyclopentane ring, the syntheses of 7-methyl-1 : 2: 3: 4-tetrahydro- 
naphthalene-2 : 2-spiro-(2’-ethyleyclopentane) (IV) and 1: 2:3:4:5:6:7: 8-octahy- 
droanthracene-2 :2-spiro-(2'-ethyleyclopentane) (X) have now been carried out. The 
spiran (IV) on dehydrogenation with Pt-C catalyst at 300°-330° undergoes ring 
transformation yielding 3-methylpyrene (VI), and the spiran (X) on dehydrogenation 
with Pt-C under similar conditions affords 3: 4-benzopyrene (XII). These results 
are therefore in conformity with our previous observation on the catalytic 
dehydrogenation of the ethylated spiran. The spiro-cyclopentane ring in the spiran 
(IV) opens near the heavy ethyl group, an intermediate 4-ethylphenanthrene 
derivative (V) is formed and this by cyclodehydrogenation gives 3-methylpyrene 
(VI). In a similar manner, the formation of 3: 4-benzopyrene as the sole product 
of dehydrogenation of the spiran (X) can be explained as taking place through 
the intermediate formation of the 1’-ethyl-1 : 2-benzanthracene derivative (XI). 
Thus, the ring transformation of spirans with an ethyl substituent in the 2- 
position of the spiro-cyclopentane ring takes a uniform course during dehydrogena- 


tion. 


The two spiro-hydrocarbons were synthesised by an extension of the method 
followed in Part I of this series (this Journal, 1952, 29, 438). The anhydride of 2- 
ethyleyclopentane-1-carboxy-1-acetic acid condenses with toluene furnishing a single 
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keto-acid which has been proved to be ««-(2'-ethyleyclopentane)-s-(p-toluoy! 
propionic acid (I). The orientation of the Friedel-Crafts reaction has been proved 
by oxidation of the keto-acid with sodium hypobromite solution when -toluic 
acid is obtained. The keto-acid forms a pyrylium salt when treated wit! 
salicylaldehyde in alcoholic solution in presence of dry hydrogen chloride 
The keto-acid (I) on reduction by the Clemimensen method gave ««- (2’-ethy|- 
cyclopentane)-7-(p-tolyl)-butyric acid (II) which on cyclisation with 85% sulphuric 
acid afforded a good yield of 7-methyl-1-keto-1 : 2: 3 : 4-tetrahydronaphthalene-2 
spiro-(2’-ethyleyelopentane) (III). This on reduction by the Clemmensen method 
furnished the desired spiran (IV). 





Et Et 
CO.H! _ CO;H| O Ee 
Me \Z Me Vee Me ! 
\™M |S a ee so \4Y NO | 
| | cu, | | ooH. | N— 
a, a AAZ,, Y\Z 
C&O CH. 
(I) (II) (III) 
| pi ilymgeg) AN0N 
Et | | | 
"= Me oe 
Sepia | Sey Say 
VV | we | 
(IV) (V) (VI) 


In a similar manner, the anhydride of 2-ethyleyclopentane-1-carboxy-1-acetic 
acid on condensation with tetralin in nitrobenzene solution in presence of anhydrous 
aluminium chloride affords a single keto-acid which has been proved to be «<- (2'- 
ethyleyclopentane) -s- (2-tetroyl) -propionic acid (VII). The formation of trimelli- 
tic acid by oxidation of this keto-acid by alkaline permanganate solution proves 
the linking of the keto-group to the position-2 of the tetralin molecule. The 
presence of -CH,-CO- grouping in the keto-acid has been proved by condensation 
with salicylaldehyde when a pyrylium salt is obtained. This keto-acid on 
reduction by the modified Clemmensen method gives <« -(2’-ethylcyclopentane)- 
-y- (2-tetralyl) -butyric acid (VIII), which on bar emre by 85% sulphuric acid 
furnishes the spiro-ketone, I-keto-1:2:3:4:5:6: 7: 8-octahydroanthracene-2 : 2- 
spiro-(2'-ethyleyclopentane) (IX). The course ee cyclisation of the tetralylbutyric 
acid in forming the linear product follows from oxidation of the latter by alkaline 
permanganate solution to pyromellitic acid. The spiro-ketone on reduction by the 
Clemmensen inethod furnishes the spiran 1: 2:3:4:5:6:7: 8-octahydroanthra- 


cene-2 : 2-spiro- (2’-ethyleyclopentane) (X). 
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Et Et 
CO,H| _ CO,H| O Et 
eo KT] | 
SVAX I A\~ KE AAAgT | 
| | | CH, | | CH; we Oe hes 
SVEN 4 VO A0V4 
CO H, 
(VID (VIII) (IX) 
ee 4V/\ 7 “Y) 
ane Pt—C /n ane Apne 
eee | } 
OW Or I WA} Wane 
(X) (XT) (XII) 


EXPERIMENTAL 


aa - (2'-Ethylcyclopentane) -g- (p-toluoyl) -propionic Acid (1).—’T’o an ice-cold solution 
of the anhydride of 2-ethyleyclopentane-t-carboxy-l-acetic acid (20 g.) in dry toluene 
(60 c.c.) powdered AICI; (36 g.) was slowly added. The mixture was allowed to 
stand at the ordinary temperature for 12 hours after which it was heated at 60°-65° 
for 3 hours. The product was decomposed with ice and HCl and excess of toluene 
was removed in steam. The white solid product was dissolved in hot sodium 
carbonate solution. The keto-acid that separated on acidification of the alkaline 
filtrate was crystallised twice from glacial acetic acid, always collecting the first 
crop, On recrystallisation from rectified spirit, it was obtained in colorless stout 
cubes, m.p. 129-30°, yield 22 g. From the mother-liquor an expected isomeric 
keto-acid could not be isolated. (Found: C, 74.3; H, 81.C,;H..O,; requires C, 
74.45 ; H, 8.03 per cent). 


The semicarbazone was obtained by heating the keto-acid with semicarbazide 
acetate in alcoholic solution for 6 hours. Alcohol was distilled off and =the 
residue slowly solidified on standing. On crystallisation from aqueous alcohol, it 
was obtained iu fine needles, m.p. 163°. (Found; C, 65.3; H, 7.6. C,,H.;O,N, 
requires C, 65.3 ; H, 7.5 per cent). 


Pyrylium salt of the Keto-acid (1)—A mixture of the keto-acid (0.1 g.) and 
salicylaldehyde (0.1 g.) in absolute ethyl alcohol (10 c.c.) was saturated with dry 
HCl gas at 0°. The solution which gradually became deep red was kept in a 
refrigerator. After three days crimson-red precipitate of the pyrylium salt appeared 
which was filtered, washed with alcohol and dried in vacuum. It slowly dissolved 
in alkaline solution and did not melt up to 290° 
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Oxidation of the Keto-acid (I) to p-Toluic Acid.—A solution of the keto-acid 
(0.5 g.) in 25 c.c. of 10% NaOH solution and a cold solution of 150 c.c. of sodium 
hypobromite (prepared from 1.5 c.c. of bromine and 150 c.c. of 10% caustic soda 
solution) were shaken at the ordinary temperature for half an hour and then on 
a water-bath for 1 hour. The oxidation product separated on acidification with 
H,SO, and H,SO, mixture. The m.p. of the sample after crystallisation as well 
as its mixed m.p. with a sample of f-toluic acid was 181°. 


ax-(2'-Ethylcyclopentane)-y-(p-tolyl)-butyric Acid (11)—The foregoing keto-acid 
(I, 18g.) was boiled gently with amalgamated zinc (72 g.) and HCl (conc., 72 c.c.) 
for 24 hours, after keeping at the ordinary temperature for 6 hours. The product 
was taken up in ether, ether distilled off and the residual oil left was purified by 
extraction with sodium carbonate, precipitation with HCl and subsequent distilla- 
tion under reduced pressure. The butyric acid came over at 195°-200°/3 mm. 
as a viscous liquid which readily solidified on trituration with petroleum ether. 
After crystallisation from methyl alcohol, it was obtained as needles, m.p. 113-14", 
yield 14 g. (Found : C, 78.1; H, 9.4.C,;H,,O, requires C, 78.46 ; H, 9.23 per cent). 


1-Keto-7-methyl-1 : 2: 3: 4-tetrahpdronaphthalene-2 : 2-spiro-(2'-ethylcyclopentane) (III).- 
The foregoing tolylbutyric acid (II, 13 g.), H,SO, (conc., 33 c.c.) and water (13 c.c.) 
were heated in the steam-bath for 14 hours with stirring. The product was 
poured on ice, extracted with ether, the extract washed with aqueous ammonia 
and then with water, dried with sodium sulphate and distilled at 163-65°/3 mm. 
as a thin colorless oil having a characteristic odour, yield 9 g. (Found : C, 84.1; 
H, 9.33. C,;H2,O requires C, 84.3 ; H, 9.2 per cent). 


7-Methyl-1 : 2: 3 : 4-tetrahydronaphthalene-2 : 2-spiro-(2'-ethylcyclopentane) (IV).—The 
foregoing spiro-ketone (III, 8g.) was gently boiled with amalgamated zinc (32 g.) 
and hydrochloric acid (conc., 32 c.c.) for 24 hours. The mixture was diluted with 
water and the product extracted with ether. The spiro-hydrocarbon distilled at 
153-55°/3 mm., as a thin colorless liquid, yield 5g. (Found: C, 89.1; H, 10.6. 
C,;H., requires C, 89.47 ; H, 10.53 per cent). 


Dehydrogenation of the Spiro-hydrocarbon (IV) with Pt-C catalyst.—The spiro-hydro- 
carbon (3 g.) was heated in a metal bath with 10% Pt-C catalyst (0.3 g.) at 
320°-330° for 6 hours and then at 330°-350° for 12 hours more when evolution of 
hydrogen ceased. The dehydrogenation product was thoroughly extracted with 
benzene and the liquid left after removal of benzene was distilled over sodium 
under reduced pressure. The liquid distillate was warmed with an equal amount 
of picric acid in benzene solution and the picrate after crystallisation from 
benzene was obtained as brownish red needles, m.p. 210-11°. (Found : C, 61.8; 
H, 3.5. C.s3H,50;N, requires C, 62.0; H, 3.4 per cent). 


The hydrocarbon was regenerated from the picrate by distribution between 
ammonia andether. The ether solution was thoroughly washed with water and 
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the solvent removed. The residual oil slowly solidified on cooling in ice. It 
crystallised from methyl alcohol in colorless flakes and had m.p. 70-71%. 
(Found : C, 94.4; H,5.3.C,,;H,, requires C, 94.44; H, 5.56 per cent). Vollmann 
et al. (Annalen, 1937, 531, 1) records m.p. of 3-methylpyrene as 71-72° and that 
of its picrate as 211-12°. 


The trinitrobenzene complex, prepared from the hydrocarbon, crystallised from 
alcohol-benzene mixture in long orange needles melting at 225°. (Found : C, 64.3 ; 
H, 3.4. C.,;H,,;0,N; requires C, 64.33; H, 3.5 per cent). The hydrocarbon res- 
ponded to the colour reaction with sulphuric acid as described by Vollmann 
(loc. cit) in the case of 3-methylpyrene. It dissolved in concentrated sulphuric acid 
giving a golden yellow solution with green fluorescence. On gentle warming, 
the colour became olive-green with intense violet fluorescence. 


4x-(2'-Ethylcyclopentane-p-(2-tetroyl)-propionic Acid (VII).—A mixture of tetralin 
(13.2-¢.) and the anhydride of 2-ethyleyclopentane-l-carboxy-l-acetic acid (18.2 g.) 
was added slowly to an ice-cold solution of powdered AICI, (28 g.) in dry nitroben- 
zene (75 c.c.). After keeping the mixture in ice-bath for 5 hours and then at the 
ordinary temperature for 12 hours, the dark brown reaction mixture was decom- 
posed with ice and HCl. Nitrobenzene was distilled off in steam and the light 
brown residue after purification by extraction with sodium carbonate was crystal- 
lised from glacial acetic acid. On recrystallisation from rectified spirit, it was 
obtained in colorless plates melting at 147°, yield 12g. (Found: C, 76.3; H, 8.3, 
C,,H,,O; requires C, 76.4; H, 8.28 per cent). Pyrylium salt of the keto-acid (VII) 
is a crimson-red powder, soluble in dilute sodium hydroxide solution and not 
melting up to 290°. 


Oxidation of the Keto-acid (VII) with alkaline permanganate solution to Trimellitic Acid.— 
A solution of the keto-acid (1 g.) in 5% NaOH solution (100 c.c.) was heated on the 
water-bath with excess of permanganate solution. After destroying excess of the 
oxidant with ethanol, the sludge of manganese dioxide was removed by filtra- 
tion and the filtrate was evaporated to dryness. The solid residue was extracted 
with dry ether, solvent removed and the residue crystallised from concentrated 
hydrochloric acid in granules, m.p. 215° and was identified as trimellitic acid. 


4x-(2’-Ethylcyclopentane).7-(2-tetralyl)-butyric Acid (VIII)—The foregoing keto-acid 
(VII, 10 g.) was gently boiled with amalgamated zinc (40 g.), HCI. (conc., 40 c.c.) and 
glacial acetic acid (25 c.c.) for 36 hours. The product was purified as in the case of 
the acid (II). It crystallised from petroleum ether (b.p. 40°-60°) in colorless needles, 
m.p. 120-21°, yield 65g. (Found :C, 79.7; H, 9.35. C..H,,O, requires C, 80.0; 
H, 9.3 per cent). 


1-Keto.1: 2:3: 4: 5: 6:7: 8-Octahydroanthracene-2 : 2-spiro-(2'-ethylcyclopentane) (IX), 
—The foregoing butyric acid (VIII, 7 g.) was cyclised by heating with 85% H,SO, 
(28 c.c.) for 1} hours at 100°, It came over asa somewhat viscous liquid at 218°. 


6 
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220°/4 mm., which did not solidify ; yield 4.5 g. (Found: C, 84.7; H, 9.4.C.,H,,O 
requires C, 85.0 ; H, 9.2 per cent). 


Oxidation of the Cyclic Ketone (IX) with alkaline permanganate solution to Pyromellitic 
Acid —A suspension of the spiro-ketone (1 g.) in 5% caustic soda solution (100 c.c.) 
was heated with an excess of permanganate solution (5%) first on the water-bath 
and then it was gently boiled under reflux. Excess of permanganate was destroyed 
by addition ofa little ethanol. The filtrate from precipitated MnO, was concen- 
trated and acidified with HCl. From this solution pyromellitic acid was 
isolated through its barium salt according to our previous paper (this Journal, 
1954, 31, 14). It was obtained as long colorless needles, m.p. 280°. 


1:2:3:4:5:6:7 : 8-Octahydroanthracene.2 ; 2-spiro-(2'-ethylcyclopentane) (X).—The 
foregoing spiro-ketone (IX, 4g.) was gently boiled with amalgamated zinc 
(16 g.) and HCI (conc., 16 c.c.) for 36 hours. It was a colorless mobile liquid, b.p. 
208-10°/4 mm., yield 25g. (Found: C, 89.2; H, 10.3. C.,H., requires C, 89.55 ; 
H, 10.45 per cent). 


Dehydrogenation of the Spiro-hydrocarbon (X) with Pt-C catalyst to 3 : 4-Benzopyrene.— 
The spiran (2 g.) was heated in a metal bath with 10% Pt-C catalyst (0.2 g) at 
300°-330° for 6 hours and then at 330°-350° for 6 hours more when evolution of 
hydrogen ceased. The yellow solid dehydrogenation product was thoroughly 
extracted with hot benzene and the solid residue left after removal of the benzene 
was distilled under reduced pressure. The solid distillate was converted 
into its picrate in benzene solution and the separated picrate after recrystallisation 
from benzene was obtained as purplish black needles, m.p. 198°. (Found : C, 64.7 ; 
H, 3.0. Cale. for C.,H,,0;N,:C, 64.86; H, 3.1 percent). The hydrocarbon was 
regenerated from the picrate by distribution between ammonia and ether. The 
hydrocarbon crystallised from benzene-methyl alcohol mixture in light yellow 
flakes, m.p. 173-74°. Cook (7. Chem. Soc., 1933, 403) records m.p. of 3 : 4-benzopyrene 
as 175° and that of its picrate as 198°. (Found : C, 95.1; H, 4.9. Calc. for C.)H,, : 
C, 95.2; H, 4.8 per cent). 


The trinitrobenzene complex was prepared from the hydrocarbon in benzene 
solution. It crystallised from benzene-methyl alcohol mixture in long red needles, 
m.p. 213°, (Found: C, 67.03 ; H, 3.25. C,,H,;0,N; requires C, 67.1 ; 3.2 per cent). 
The hydrocarbon responded to the colour reaction of 3 : 4-benzopyrene as described 
by Cook (loc. cit). It gave an orange-red solution with sulphuric acid which had 
a strong green fluorescence. A dilute solution of the hydrocarbon in benzene 


solution showed an intense violet fluorescence. 


The cost of chemicals required for this investigation was met from a 
research grant sanctioned to one of us (D.N.C.) by the Govt, of West Bengal. 
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We like to point out here certain printing mistakes in Part IV of this series 
(this Journal, 1954, 31, 287). The formulae IV, V, and VI should be corrected. 
Formula (V) should be as formula I (H in place of Me) in this paper, formula (VI) 
as formula II (H in place of Me) of this paper, formula (IV) needs similar 


correction. 


CHEMICAL LABORATORIES, 
KRISHNAGAR COLLEGE, 
KRISHNAGAR, WEST BENGAL, 
AND PRESIDENCY COLLEGE, CALCUTTA. Received July 6, 1954, 
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POSSIBLE ANTITUBERCULOUS COMPOUNDS. PART IV. 
PREPARATION OF N-4-PHENYL-«4-PYRIDYL-AMIDINES 


By Vinay S. MISRA AND MAHESHWARI P, KHARE 


With a view to increasing the basicity and thus the activity of the well known antituberculous 
compound 4-aminodiphenyl, four substituted N-4-phenyl-<-pyridylamidines have been synthesised, 
substitution being in the N-phenyl nucleus, 


The fact that many heterocyclic compounds like nicotinamide, N-thiazolyl 
nicotinamide (7. Org. Chem., 1948, 13, 834), isonicotinic acid hydrazide (Offe, Sifken 
and Domagk, Naturwiss., 1952, 5, 118; Deut. Med. Woch., 1952, 18, 573; Fox, Science, 
1952, 116, 129 ; Bernstein et al., Amer.Rev. Tuberc., 1952, 65, 357) possess remarkable 
activity against Mycobacterium tubercule led us to work on the 4-amino-«-phenyl- 
pyridine moiety. The structure of 4-amino-x-phenylpyridine closely resembles that 
of 4-aminodiphenyl except for the fact that one of the benzene rings in 4-amino- 
diphenyl is replaced by a pyridine nucleus thereby rendering it more basic, a condi- 
tion conducive to greater antitubercular activity (Robinson, 7. Chem. Soc., 1940, 505). 


The starting material, p-nitro-«-phenylpyridine, was obtained from p-nitroani- 
line by the method adopted by Haworth, Heilbron and Hey (7. Chem. Soc., 1940, 349). 
The 4-isomer was separated from the mixture of three (x, ¢ and 7) isomers, thus 
obtained, through its picrate, and not through its hydrochloride. 


As the above method involving the separation of isomers resulted in consider- 
able lowering of yields, the authors tried to obtain p-amino-4-phenylpyridine from 
p-aminophenyllithium and pyridine. Gilman and Gainer ( 7. Amer. Chem. Soc., 1947, 
69, 1946) used quinoline instead of pyridine. This intermediate was obtained as 
a yellow crystalline mass by the interaction of n-butyllithium and p-bromoaniline 
in an atmosphere of nitrogen. However, it could not be converted into p-amino- 
«-phenylpyridine, only s-bromoaniline could be recovered. 


The amidine was prepared in yields ranging from 16 to 36% by the usual 
method of Oxley and Short (7. Chem. Soc., 1946, 147) and as adopted by us in our 
earlier papers (this Journal, 1952, 29, 695 ; 1953, 30, 43). 


It is of interest to note that 4-amino-«-phenylpyridine uses up two moles of 
p-toluenesulphonic acid instead of one, as has been confirmed by the nitrogen 
estimation of the sulphonate. The antituberculous activity will be reported 
later on. 
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ExPERIMENTAL 


4-Nitro-x-phenylpyridine was obtained according to the method described by 
Haworth, Heilbron and Hey (loc.cit.). Pyridine (250 c.c.) was taken in a 500 c.c. 
three-necked flask fitted with a mechanical stirrer and a thermometer. An 
aqueous filtered solution of p-nitrobenzene diazonium chloride (from 35 g. p-nitro- 
aniline) was gradually added to it under stirring during 2 hours, the reaction 
mixture being maintained at 40°-45°. The reaction was completed by heating 
over a boiling water-bath for an hour and the mixture poured in a litre of water. 
The brown solid separating was filtered and dried over sulphuric acid. 


The crude product (38 g.) on distillation at a pressure of 1 x 10-* mm., the 
external bath temperature being 170°-185°, gave a yellow crystalline solid 
comprising <-,-s- and-y-phenylpyridines, m.p. 100-107° (25 g.) 


To the above mixture of phenylpyridines (25 g.), dissolved in alcohol (100 c.c.) 
an equimolar quantity of picric acid (28.6 g.) in 50 c.c. alcohol was added at a time 
with stirring and then heated over a boiling water-bath for 30 minutes. The 
picrate separating was filtered and dried, yield 52 g. 


The picrate was then fractionally crystallised repeatedly from 3 litres of 
acetone to give the most soluble fraction of 4-nitro-x-phenylpyridine picrate, m.p. 
165-67°, yield 20 g. 


By boiling the picrate with 200 c.c. of 5% aqueous caustic soda 4-nitro-<-phenyl- 
pyridine was liberated, which was filtered after cooling and washed with water. 
On recrystallisation from alcohol a yellow crystalline solid was obtained, m.p. 
130-31°, yield 12.5% (6.5 g.) of theory calculated on the p-nitroaniline used. Forsyth 
and Pyman report m.p. 130-31° ( 7. Chem. Soc., 1926, 2912). 


4-Amino-x-phenylpyridine was prepared according to the method of Forsyth 
and Pyman (loc. cit.). 4-Nitro-x-phenylpyridine (6.5 g.) was dissolved in 100 c.c. 
alcohol and stannous chloride solution (20 g. tin in 200 c.c. conc. HCl) added to it. 
The mixture was refluxed for 4 hours over a boiling water-bath. Alcohol was 
then distilled off and tin removed as tin sulphide. 4-Amino-«-phenylpyridine 
was then precipitated by neutralising the filtrate with 10% aqueous caustic soda 
and the yellow solid, thus obtained, was recrystallised from dilute alcohol as 
colorless, octahedral crystals, m.p. 98°, yield 40% of theory (2.2 g.). Forsyth and 
Pyman report m.p. 98° (loc. cit.) (Found: N, 16.99. Calc for C,,H,,N, : N, 16.47 
per cent). 


p-Toluenesulphonate of 4-Amino-<-phenylpyridine (A).—4-Amino-«-phenylpyridine 
(2 g.) was stirred mechanically in 200 c.c. of dry ether, taken in a 300 c.c. conical 
flask which was cooled externally by ice. To this was added dropwise a solution 
of p-toluenesulphonic acid (4g.) in 10 c,c. of methyl alcohol. The yellow solid 
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which separated out was filtered and washed with dry ether, m.p. 237-40°, yield 86% 
of theory (5.2 g.) (Found : N, 6.0.C,;H,,O.N,S2 requires N, 5.45 per cent). 


N-4-Phenyl-x-pyridyl-p-tolylamidine—The compound (A, 0.5 g.) was mixed with 
p-tolylnitrile (0.5 g., excess) in a 100 c.c. r. b. flask fitted with a reflux condenser 
and a calcium chloride guard tube. The mixture was heated at 240°-260° (external 
bath temperature) for 4 hours and the resulting paste was repeatedly washed with 
ether by trituration. The yellow solid, thus, obtained, was dissolved in dilute 
alcohol and filtered. The filtrate was chilled and basified with 10% aqueous caustic 
soda. The solid amidine which separated out was filtered and washed with water 
and dried. On recrystallisation from chloroform and petroleum ether it yielded a 
a yellow amorphous solid, m.p. 173-76°, yield 36% of theory (0.1 g.). (Found: 
N, 14.09. C,,H,;N; requires N, 14.63 per cent). 


N-4-Phenyl-x-pyridyl-p-chlorophenylamidine was similarly obtained by heating (A, 
0.5 g.) with p-chlorobenzonitrile (0.5 g., excess) for 3 hours at 230°-240° and libera- 
ting the amidine as grey amorphous solid, m.p. 245-48°, yield 17% of theory (0.05 g.). 
(Found : N, 13.21. C,;,H,,N;Cl requires N, 13.65 per cent.) 


N-4-Phenyl-x-pyridyl-p-anisoylamidine was obtained similarly by refluxing (A, 
0.5 g.) and p-anisonitrile (0.5 g.) at 240°-250° for 5 hours. The liberated amidine 
recrystallised from alcohol as a brown solid, m.p. 199-202°, yield 28% of theory 
(0.08 g.). (Found : N, 13.31. C,,H,;ON; requires N, 13.86 per cent). 


N-4-Phenyl-x-pyridyl-p-phenetoylamidine was prepared by refluxing a mixture of 
(A, 0.5 g.) and p-phenetonitrile (0.5 g.) at 230°-240° for 4 hours. The amidine was 


liberated in the usual way as a brown solid, m.p. 212-15°, yield 16% of theory 
(0.05 g.). (Found : N, 13.61. C,,H,,ON; requires N, 13.28 per cent). 


The authors are thankful to Dr. A. B. Sen for his kind interest in the work. 


DEPARTMENT OF CHEMISTRY, 
LUCKNOW UNIVERSITY, Received June 23, 1954. 
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ADSORPTION BY POROUS BODIES AS INFLUENCED BY MOISTURE. 
PART II, ADSORPTION FROM GASEOUS PHASE 


By BALWANT RaI Purr AND M. L. LAKHANPAL 


The influence of moisture on the adsorbability of carbon dioxide, acetylene and ammonia by 
sugar charcoal, cocoanut-shell charcoal and silica gel was examined in some details. The presence of 
moisture decreased the adsorbability of carbon dioxide and acetylene but increased appreciably that 
of ammonia. The surface area occupied by moisture was available to a large extent for the adsorption 
of ammonia and to a much smaller extent for the adsorption of carbon dioxide and acetylene. There 
is evidence to believe that moisture in porous bodies behaves as “free” water. 


It was shown in Part I of these studies (Puri, Sud and Lakhanpal, this 
Journal, 1954, 31, 612) that moisture contained in porous bodies behaved as “free” 
water and that it ‘influenced adsorption from solution phase in two ways. It was 
thought of interest to extend these investigations to adsorption from gaseous phase 
as well. The present paper deals with the adsorption of carbon dioxide and acety- 
lene, which are only slightly soluble, and of ammonia, which is freely soluble 
in water. The adsorbents used were silica gel, sugar charcoal and cocoanut-shell 
charcoal in oven-dry (110°) state as well as when associated with varying amounts 
of moisture after allowing them to equilibriate with atmospheres of different 
relative humidities. 


ExPERIMENTAL 


The apparatus employed in these investigations is shown in Fig. 1. A weighed 
amount of the adsorbent (about 5g.) after degassing was allowed to come to 
equilibrium with an atmosphere of known relative humidity, as described in Part I 
(loc. cit.), and then placed in the adsorption tube, A, 5” in length and 7/8” in diameter, 
made from pyrex glass. Sulphuric acid-water mixture, having the same vapour 
pressure as the adsorbent, was placed in the humidity vessel, H, by opening it at 
the ground-glass joint, J,. The apparatus was then evacuated by working a 
vacuum pump at S, fora few minutes. After this, the sample was kept exposed 
overnight to water vapours maintained by the mixture contained in H, in order to 
compensate for any possible decrease in its moisture content during the transfer 
and evacuation. The temperature of the bath was maintained at 25°(+0.1°) which 
was only a little higher than the room temperature, 


A known volume of the gas at atmospheric pressure was introduced into the 
burette B, by turning the three-way stop-cock, S,, towards the gas supply and by 
lowering the reservoir, R, till mercury stood at the same levelin R, B and P. The 
stop-cock S, was then closed and the stop-cock §, turned so as to bring the gas in 
contact with the adsorbent. The gas passed in the direction of the vacuum 
quickly, to begin with, but the rate slowed down after some time. More gas could 
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be introduced into the burette whenever necessary by suitably adjusting the three- 
way stop-cock §,. The pressure of the gas in contact with the adsorbent was kept 
quite close to the atmospheric pressure throughout the experiment by raising the 
reservoir, R, as adsorption progressed so as to keep the mercury in the two limbs, B 
and P, at about the same level, This adjustment was also indicated by the mano- 
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meter, M. The equilibrium was attained in about 9 to 12 hours depending upon the 
nature of the adsorbent and its moisture content. Charcoal required less time than 
silica gel. The presence of moisture hastened the equilibrium in the case of carbon 
dioxide and acetylene but delayed it in the case of ammonia. 


The total quantity of the gas introduced from the burette less the volume of 
the “dead” space (capacity of the adsorption apparatus less the volume occupied 
by the adsorbent) gave the quantity of the gas adsorbed at 25° and atmospheric 
pressure. 


Carbon dioxide and acetylene were prepared in Kipps apparatus and ammonia 
was obtained:from the liquor by heating. The gases were purified and dried well 
before being led into the adsorption apparatus. All the stop-cocks were lubricated 
with apiezon grease, type N, 
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ADSORPTION BY POROUS BODIES 


TABLE I 


Adsorption of CO,, C,H, and NH, on the various porous bodies associated with 
increasing amounts of moisture. 





Relative Sugar charcoal Cocoanut shell charcoal Silica gel 
humidity. (surface area=218.3 sq.m.). (surface area=178.7 sq.m.). (surface area=297.9 sq.m.). 
Moisture Volume of gases Moisture Volume of gases Moisture Volume of gases 
adsorbed adsorbed adsorbed adsorbed adsorbed adsorbed 
(g-/g.) (cc. N.T-P./g.dry (g/g.) (cc.N.T.Pi/g.dry  (g./g.). (c.c. N.T P./g. dry 
adsorbent). adsorbent). adsorbent). 
sin > ~ - = 
COs. CoHe NHs3. COs. CeoHoe. NHsg. COs. CoHe. NHs. 
0.00% 0.000 1432 12.10 198.5 0.000 22.35 20.63 166.8 0.000 15.73 12.68 137.1 
22.00 0.048 824 7.72 2296 0.044 1236 1457 1723 0.095 9.07 7.12 1712 
40.40 0.079 487 4.90 242.3 0.055 763 10.10 187.1 0.134 680 3.70 195.4 
75 60 0.138 2.90 1.70 2522 0.094 480 7.49 1960 0.2:9 672 1.10 2448 
97.00 0211 2.08 1.90 319.6 0.110 392 490 202.6 0.398 5.18 129 339.4 
99,60 0.232 1.55 168 341.4 0.120 298 410 220.1 0.438 445 0,95 373.7 


The quantities of carbon dioxide, acetylene and ammonia adsorbed on 
different solids in oven-dry state as well as when associated with varying amounts 
of moisture held in equilibrium with different relative humidities (expressed as 
c.c. N.T.P./g. dry adsorbent) are shown in Table I. The surface areas of the 
adsorbents, as calculated from the moisture content-vapour pressure data as 
suggested by Harvey (7. Amer. Chem. Soc., 1943, 65, 2343), are also included in this table. 
The amount of gas adsorbed/sq.m. of surface in oven-dry state can be easily calcu- 
lated in each case. The values for carbon dioxide, acetylene and ammonia in the 
case of sugar charcoal, for instance, are 0.0656, 0.0554 and 0.909 c.c. (N.T.P.). 

In the calculations of surface area it is tacitly assumed that a porous adsorbent 
consists of a collection of cylindrical capillaries. If we postulate that when a 
group of capillaries of a particular size are filled up by moisture, the area involved 
is rendered unavailable for gaseous adsorption, it becomes possible to calculate 
the residual surface available for gaseous adsorption. These values (Table II) 
evidently decrease with increase in the relative humidity. The amount of gas 
adsorbed on the residual surface can be easily worked out, knowing the intensity 
of adsorption per sq.m. Moisture may, however, be expected to act as a solvent 
for the gas as well. This may tend to increase the adsorbability of the gas, the 
magnitude of the increase depending upon the solubility of the gas in water and 
the moisture content of the adsorbent. 

TABLE II 


Residual surface areas of the various adsorbents held in equilibrium with different 
relative humidities. 


Relative Residual surface areas (in sq.m.). 

humidity. 

Sugar Cocoanut-shell Silica gel. 
charcoal. charcoal. 

* 0.00% *218.3 *178.7 #2979 
22.00 138.7 108.7 192.8 
40.40 68.4 6L.2 104.7 
75.60 13.8 34.2 26.0 
97.00 34 2.0 6.0 
99.60 Nil i Nil 

*This is obviously the total surface of the oven-dry material. 
7 
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The sum total of the two effects, mentioned above, can be worked out. 
The adsorption values of carbon dioxide, acetylene and ammonia in the case of the 
various adsorbents in equilibrium with different relative humidities, calculated 
from these considerations, are shown in Table III. The corresponding determined 
values are also reproduced (from Table I) for the sake of ready reference. 


TABLE III 


Determined and calculated values for the adsorption of CO,, C,H, and NH, on the various 
porous bodies associated with moisture held in equilibrium with different relative humidities, 


(Values are expressed as c.c. N.T.P./g. dry adsorbent). 








Relative Sugar charcoal. Cccoanut-shell charcoal. Silica gel. 
humidity. 
Obs Calc. Obs. Cale. Obs. Calc. 
A. Adsorption of COs. 
22.00% 8.24 9.13 12.36 13.62 9.07 10.25 
40.40 4.87 4.55 7.63 770 6.80 5.63 
75.60 2.90 1,02 4.80 4.35 6.72 154 
97.00 2.08 0.38 3.92 0.34 5.18 0.63 
99.60 1.55 0.18 298 0.09 4.45 0.33 
B. Adsorption of CoH oe. 
22.00 7.72 7.73 14.57 12.60 7.12 8.29 
40.40 4.90 3.86 10.10 7.13 3.70 4.58 
75.60 1.70 0.89 7.49 4.04 1.10 1.32 
97.00 1,90 0.38 4.90 0.38 1.29 0.63 
99 60 168 0.22 4.10 0.11 0.95 0.41 
C. Adsorption of NHs3. 
22.00 229.6 152.95 172.3 126.1 171,2 141.9 
(225.4) (191.4) (190.3) 
40.40 242.3 106.41 187.1 93.5 195.4 123.2 
(242.7) (203.2) (212.1) 
75.60 252.2 87.22 196.0 84.6 214.8 140.2 
(275 8) (2.9.4) (265.7) 
97.00 319.6 120.64 202.6 63.5 339.4 223.2 
(316.7) (228.4) (359.9) 
99.60 241.4 129.90 220.1 67.2 373.7 245.3 
(328.4) (234 0) (382.3) 


Note : The solubility of ammonia in water under experimental conditions was determined by 
placing a known amount of water in the adsorption tube and noting the volume of the 
gas taken up by it in the usual way. The value was found to be 560 c.c. (N.T.P.)/g. 


DISCUSSION 


From Table I it appears that while carbon dioxide and acetylene are 
adsorbed to about the same extent by the oven-dry materials, ammonia is taken 
up in a much larger quantity. The extra adsorption of ammonia appears to be 
due to the acid nature of the adsorbents used (Puri, Rai and Rehman, this Journal, 
1946, 23, 85 ; Puri, Lakhanpal and Varma, Soil Sci., 1953, 75, 209). 
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The presence of moisture is seen to influence the adsorbability of each gas 
appreciably. The adsorbability of carbon dioxide and acetylene suffers a decrease, 
while that of ammonia undergoes an appreciable increase. This is evidently due 
to a much larger solubility of ammonia in water. 


The calculated adsorption values (Table III) of acetylene and carbon dioxide, 
except at lower humidities, are considerably less than the observed values. 
The differences in most of the cases go on widening as the relative humidity 
increases. This shows that the assumption that the surface occupied by water is 
not available for gaseous adsorption, on which the calculations are based, is 
tenable at lower vapour pressures of water only. When moisture content corres- 
ponds to a point on the higher regions of the water isotherm, this assumption no 
longer holds good. 


Juhola and Blacet (quoted by Emmett, Chem. Rev., 1948, 43, 69) showed that 
adsorption of nitrogen by charcoal decreased in the same proportion as moisture 
contained in it increased. Our results, however, do not support such a relationship. 
The reason for this discrepancy appears to lie in the nature of the gases.. While 
nitrogen is only sparingly soluble in water, carbon dioxide and acetylene are, 
comparatively speaking, much more soluble. Thus, while the area occupied by 
moisture cannot be utilised to any noticeable extent by nitrogen, this can be 
utilised partly by carbon dioxide and acetylene, particularly if the vapour pressure 
of moisture is not low. 


The results obtained with ammonia (Table III) emphasise the same conclusion 
even in a more convincing manner. The observed values in this case are far 
in excess of the calculated values. This is true for the entire range of vapour 
pressure of water. It appears therefore that the area occupied by moisture, even 
at lower vapour pressures, is available for the adsorption of ammonia, obviously 
on account of the very high solubility of the gas in water. 


If we postulate that the presence of moisture does not produce any adverse 
effect on the adsorption of ammonia but, on the contrary, it acts as a solvent for 
the gas, and thereby increases its adsorbability, the results obtained will be as 
shown in parenthesis in Table III. The agreement between the observed and 
the calculated values is now fairly close. It appears that moisture behaves as 
“free” water and exercises its solubility effect fully, provided that the adsorbate gas 
is largely soluble in water. The results taken as a whole also show that the area 
occupied by moisture, which is not at all available for the adsorption of nitrogen 
gas (Juhola and Blacet, loc. cit.), is available at higher vapour pressures of 
moisture for carbon dioxide and acetylene, and at almost all the vapour pressures 
for ammonia. 
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The fact that the presencé of moisture in a porous body produces such a large 
increase in the adsorbability of ammonia (Table I) appears to be of some practical 
importance and it may be worthwhile to extend this work to other water-soluble 
toxic gases and vapours as well. 


DEPARTMENT OF CHEMISTRY, 
PANJAB UNIVERSITY COLLEGE, Received July 24, 1954. 
HOSHIARPUR, PANJAB. 
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‘acetic anhydride (30 c.c.) and sulphuric acid (10 c.c.) (vide Part I, loc. cit.), 
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SOME PHENANTHROLINE DERIVATIVES. PART II. SYNTHESIS OF 
4:8-DIHYDROXY-2 : 6-DIMETHYL-AND 4:8-DICHLORO- 
2: 6-DIMETHYL-m-PHENANTHROLINES 


By B. P. BANGDIWALA AND C. M. DESAI 


4-Hydroxy-2-methyl-5-acetamido- and 4-hydroxy-2-methyl-5-amino-quinolines have been prepared. 
The preparation of 4 : 8-dihydroxy-2 : 6-dimethyl- and 4 : 8-dichloro-2 ; 6-dimethyl-m-phenanthrolines 
is also described. 


Backeberg (7. Chem. Soc., 1935, 1568) reported failure to cyclise ethyl s-(m- 
acetamidoanilino)-crotonate. This was, however, cyclised by Kermack and 
Webster (ibid., 1942, 213) to afford 4-hydroxy-2-methyl-5-acetamidoquinoline which 
on hydrolysis gave the corresponding 5-aminoquinoline. The latter has been con- 
verted by the Skraup reaction into 4-hydroxy-2-methyl-m-phenanthroline (Kermack 
and Webster, loc. cit... The isomeric 4-hydroxy-2-methyl-m-phenanthroline was 
obtained by Hazlewood, Hughes and Lions (7 Proc. Roy. Soc. N. S. Wales, 1937-38, 
71, 472) from 5-aminoquinoline and ethyl acetoacetate. Kermack and Tebrich 
(7. Chem. Soc., 1945, 375) prepared 4-hydroxy-m-phenanthroline by subjecting 
5-amino-4-hydroxyquinoline to the Skraup reaction. With m-phenylenediamine 
and two moles of ethyl acetoacetate Backeberg (loc. cit.) obtained ethyl m-phenylene- 
bis-8-aminocrotonate which did not seem to have been cyclised. 


The present communication describes the cyclisation of ethyl s-(m-acetamido- 
anilino)-crotonate, using acetic anhydride and sulphuric acid, to 4-hydroxy-2- 
methyl-5-acetamidoquinoline which on acid hydrolysis gives rise to the correspond- 
ing 5-aminoquinoline. 


Ethyl m-phenylene-bis-s-aminocrotonate, prepared according to Backeberg 
(loc. cit.), was cyclised in diphenyl ether to give either 4 : 8-dihydroxy-2 : 6-dimethyl- 
or 4: 10-dihydroxy-2: 8-dimethyl-m-phenanthroline. That it is 4: 8.dihydroxy- 
2: 6-dimethyl-m-phenanthroline has been shown by direct comparison with 
the product obtained by the cyclisation of ethyl a-(5’-(4-hydroxy-2-methylquinolyl)- 
amino]-crotonate, prepared by the condensation of 4-hydroxy-2-methyl- 
§-aminoquinoline with ethyl acetoacetate. The product has been assigned the 
angular structure in accordance with the views of Kermack et al. (loc. cit.) and 
others (vide Part I, this Journal, 1954, 31 689). 4: 8-Dichloro-2 : 6-dimethyl- 
m-phenanthroline has also been prepared. 


EXPERIMENTAL 


4-Hydroxy-2-methyl-5-acetamidoquionline was prepared in the same way as its 
6-acetamido analogue from ethyl 4-(m-acetamidoanilino)-crotonate (10 g.), 
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The product (3 g., 37%) was crystallised from alcohol, m.p. 236° (confirmed by 
direct comparison with an authentic specimen prepared by the thermal method 
(Kermack and Webster, loc. cit.). 4-Hydroxy 2-methyl-5-aminoquinoline was 
obtained from the corresponding 5-acetamido derivative by hydrolysis according 
to the method of Kermack and Webster (loc. cit.), m.p. 210°. 


Ethyl g-[5'-(4-hydroxy-2-methylquinolyl)|-aminocrotonate was obtained in the same way 
as its ethyl-2-mythyl-s-6’-analogue from the 4-hydroxy-2-methyl-5-aminoquinoline 
(8.7 g.) (vide Part I loc. cit. p. 690) excepting that methanol added was 150 c.c. The 
mixture was heated on a steam-bath for one hour. Removal of methanol gave 
a syrupy mass (8.4 g., 58.7% 


4 : 8-Dihydroxy-2 : 6-dimethyl-m-phenanthroline.—The above crotonate (8.4 g.) was 
added to boiling diphenyl ether (84c.c.) during 15 minutes and heating 
continued for 15 minutes more. It was cooled and diluted with light petroleum. 
The product separating was collected, washed with light petroleum and dried 
(2.1 g., 30.2%). It was crystallised from 65% alcohol in fluffy needles with a greenish 
tinge, m.p. 360-62° (decomp.). (Found : N, 11.6. C,,H,.O,N,. requires N, 11.7 
per cent ), . 


4: 8-Dichloro.2 : 6-dimethyl-m-phenanthroline—The preceding m-phenanthroline 
(1 g.) was refluxed with POCI, (15 c.c.) for 2 hours. The mixture was cooled, poured 
on ice and neutralised with strong ammonia. The product separating was 
collected, washed with water and dried (0.8 g., 87.1%), It was crystallised from 
alcohol in white needles, m.p. 170-72°. (Found: Cl, 25.4. C,,H,,N,Cl, requires 
Cl, 25.6 per cent ). 


Condensation of Ethyl Acetoacetate with m-Phenylenediamine: 4 : 8-Dihydroxy-2 : 6- 
dimethyl-m-phenanthroline—Pure m-phenylenediamine (6.5 g.) and ethyl acetoacetate 
(16 g., 2 moles) were heated on a water-bath for one hour. Methanol 
(40 c.c.) was added and the mixture refluxed for 12 hours and left overnight. 
Methanol was removed yielding a syrupy mass (12.1 g., 64%). This was added to 
boiling diphenyl ether (128 c.c.) during 15 minutes and the mixture heated 
for 15 minutes more, After cooling, the mixture was diluted with Jight petroleum 
and the product separating was collected, washed with light petroleum and dried 
(3.4 g., 36.7%). It was crystallised from 65% alcohol in fluffy needles with a 
greenish tinge, m.p. 360-62° (decomp.), undepressed by an authentic specimen 
prepared from 4-hydroxy-2-methyl-5-aminoquinoline and ethyl acetoacetate. 


The authors express their gratitude to the College Authority for the facilities 
and the grant provided for the work. 





CHEMISTRY DEPARTMENT, 


M. T. B. COLLEGE, SURAT. Reecived July 27, 1954. 
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ESTIMATION OF THORIUM BY ORGANIC REAGENTS. PART V. 
SEPARATION OF THORIUM FROM URANIUM AND THEIR 
CO-DETERMINATIONS BY 2:4-D 


By SACHINDRA KuMAR DATTA AND GURUPADA BANERJEE 


2:4-D has been utilised successfully in a wide pH range from 2.6 to 3.4, for the separation of 
thorium from uranium, when present in a mixture in the ratio 1 : 1, beyond which double precipitation 
is necessary, and it works well up to a Th-U ratio of 1: 26 Uranium from the filtrate can also be 
determined with the help of the sodium salt of 2: 4-D above pH 5.0. 


Thorium is present in most of the uranium ores. Uraninite, for example, 
contains 75-90% U,0O,, the rest being compounds of thorium, the rare-earth 
metals, calcium, silica, etc. Brannerite is a complex uranium titanate containing 
thorium and rare-earth elements along with silica, iron, calcium, etc. The 
amount of thorium oxide in such ores does not exceed 4 to 5%. Several methods 
are available for the separation of thorium from uranium minerals. Pribil 
and Vorlick (Chem. Listy, 1952, 46, 216) applied ethylenediamine-tetra-acetic 
acid for the precipitation of ammonium uranate in presence of thorium 
and other cations. Murthy, Rao and Rao (this Journal, 1950, 27, 610) used 
m-nitrobenzoic and o-chlorobenzoic acids at py, 2.6 to 2.8, to separate thorium 
from uranium. Vankateswarlu and Rao (Z. anal. Chem., 1951, 133, 251) separated 
thorium from 350 times as much uranium with cinnamic acid by double 
precipitation. As it has been found that 2:4-Dis one of the suitable reagents 
for thorium (cf. Parts II and III of this series, this Journal, 1954, 31 397, 773) an 
attempt has been made in this paper to utilise this substance for the separation of 
thorium from uranium. It has been shown that thorium can be completely 
separated from uranium by 2:4-D within a wide py, range, viz., 2.6 to 3.4, by 
single precipitation, when thorium-uranium ratio is 1:1. When the amount of 
uranium increases beyond this ratio, double precipitation becomes essential 
and it works well in the same p, range up to a thorium-uranium ratio of 
1: 26. Uranium from the filtrate can be quantitatively recovered by sodium 
salt of 2:4-D above fu 5.0. This reagent exhibits some prospects of finding 
suitable use in the co-determiuations of thorium and uranium at definite py, 
ranges. Free 2: 4-D does not give any precipitate with uranium. 


ExPERIMENTAL 


Preparation of reagents.—2:4-D was prepared and purified by the usual method (cf. 
Part II, loc. cit.). A solution of the sodium salt of 2:4-D was prepared by 
dissolving 2: 4-dichlorophenoxyacetic acid in 100 c.c of N-NaQH solution until 
the pu was 5.5, 
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Reagent-grade thorium nitrate solution was prepared and thorium content 
was determined as before by standard oxalate method. A stock solution of 
uranium was prepared with recrystallised Merck’s A. R. uranium nitrate. The 
uranium content of this solution was determined by the standard ammonia 
method. 


Procedure.— Different quantities of thorium and uranium solutions were mixed 
together, and thorium was precipitated from these solutions in the cold; the 
precipitate assumed a granular form after warming for a few minutes, which was 
then filtered and washed as usual with hot 0.2% reagent solutions. A second 
precipitation was done in case of solutions containing higher amounts of 
uranium. The thorium salt after proper washing was dissolved in dilute nitric 
acid; the p, was brought within the range by adding dilute alkali and it was 
reprecipitated by 2: 4-D and ignited to the oxide as usual. The results are shown 
in Table I. 





TABLE I 
Separation of thorium from uranium by 2 : 4-D. 
Expt. ThOs taken U30s8 Th: U ThO2 found by 
No. (oxalate added. oxide ratio E - ~ 
method). (approx). Single pptn. Double pptn. Diff. 

1 0.0254 g 0.0376 g. 2:3 0.0266 g. _ + 0012 g. 
2 0.0381 0.0376 ae 0.0382 ae + .0001 
3 00191 0.0376 I33 0.0195 a. +0004 
4 0.0508 0.0376 735 0.0509 ie +.0001 
5 0.0254 0.0376 2:3 en 0.0253 —.0001 
6 0.0191 0.1880 1: 10 oe 0.0193 +0002 
7 0.014} 0.1880 1:13 ii 0.0146 + 0002 
8 00191 0.3760 1: 20 a 0.0193 + .0002 
9 0.0144 0.3760 1:2 mat 0.0148 + .0004 
10 0.0096 0.3760 1: 39 bet 0.0120 +.00i4 


It is evident from the above table that when the ratio of uranium oxide 
to thoria in the mixture increases beyond 1 : 2, double precipitation is essential, 
and a pure white residue is obtained in the latter case when this ratio is not 
above 1 : 20, beyond which contamination by uranium always occurs. 


Estimation of Uranium separately by Sodium Salt of 2:4-D.—In view of the 
quantitative precipitation of uranium using sodium 2: 4dichlorophenoxy- 
acetate solution, attempts were made to recover uranium from the filtrate after 
the precipitation of thorium by free 2:4-D. To ascertain a definite p, range, 
suitable for such recovery, uranium was estimated separately with sodium salt 
of 2: 4D at different , values. 


To the solutions of uranium at different acid concentrations was added 
a cold 2% solution of the sodium salt of 2:4-D. A flocculent yellowish white 
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precipitate appeared, which on boiling for 10 minutes with about 1g. of 
ammonium chloride turned yellow and granular. The presence of other 
electrolytes like, ammonium thiocyanate and ammonium acetate, prevented 
complete precipitation of uranium by the reagent. The precipitate was filtered, 
washed several times with boiling water, and then with hot alcohol to remove 
the last trace of 2:4-D, dried and ignited to U,O,. The results are recorded in 
Table II. 


TABLE II 


Effect of py in the determination of uranium by Na salt of 2: 4-D. 
U,0O, taken =0,0940 g. 


pu of the solution 2.8 3.1 3.7 4.0 44 5.0 5.2 55 
U3QOs (found in g.) 0.0094 0.0220 0.0530 0.0832 0.0938 0 0940 0 0941 0.0941 
Error —0.0846 —0.0720 —0.0401 —0.0108 -—0.0002 +0.0 +0.0001 +0.0001 


It is interesting to note that 2: 4-Dand its sodium salt behave differently 
at the same p, ; while the free acid retains all uranium in solution up to p, 3.4, 
the sodium salt precipitates about 19% U,O, present at py 2.8 and over 90% at py 4. 
It is evident therefore that uranium replaces sodium from the sodium salt of 
2:4-D, while the hydrogen from the carboxylic group of free 2:4-D cannot be 
replaced by uranium within that p, range. 


Co-determination of Thorium and Uranium from a Mixture of the two.—It appears 
from the above table that uranium is quantitatively precipitated by the 
sodium-salt of 2:4-D within the p, range 5 to 5.5. The mixture containing 
different quantities of thorium and uranium nitrate solutions were brought 
to a py between 2.8 and 3.4 and thorium was precipitated by 2: 4-D as 
usual. The washed precipitate was dissolved in dilute nitric acid and the 
thorium was reprecipitated as before and ignited to the oxide. The two 
filtrates with the washing were evaporated to a smaller bulk, p, was adjusted 
between 5 and 5.5, and then uranium was precipitated from it with the help of 
the sodium salt of 2: 4-D, as described before, and determined as U,O,. Some 
of the results are shown in Table III. 


TABLE III 
Co-determination of thorium and uranium. 


Oxides found by 


Expt. Oxides of metals taken. Single pptn. Double pptn. 
No. ThOo. U3O0s. ThOsg. U3Os. ThOg. UsOs. 
1 0.0254 g. 0 0376 g. 0.0268 g. 0.0359 g. 0.0255 g. 0.0374 g. 
2 0.0381 0.0376 0.0383 0.0373 = = 
3 0.0191 0.0940 is Ew 0.0198 0.0935 
4 0.0072 0.1880 joe es 0,0076 0.1873 
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PREPARATION OF N-SUBSTITUTED 2-AMINOTHIAZOLES. 
PART III. CONDENSATION OF n-PROPYLMETHYL 
KETONE WITH SUBSTITUTED THIOUREAS 


By G. N. MAHAPATRA AND M. K. Rout 


Twelve new 2-arylamino-4-methyl-5-ethylthiazoles have been prepared. Reasons have been 
assigned for the presence of CH; group in 4-position and C2H;5 group in 5-position of the thiazole 
nucleus. These thiazole compounds have also been mercurated. Both mercurated and unmercurated 
thiazoles have been biologically tested and the results obtained confirm our earlier observations. 


In continuation of our earlier investigations on the preparation and 
bactericidal properties of N-substituted 2-aminothiazoles (Pujari and Rout, 
j. Amer. Chem. Soc., 1953, 75, 4057 ; this Journal, 1954, 31, 257; Mahapatra and 
Rout, ibid., 1953, 30, 398 ; 7. Sci. Ind. Res., 1954, 13B, 378) the present one deals with 
some more new 2-substituted aminothiazoles formed by the reaction of methyl- 
n-propyl ketone and thioureas in presence of iodine. Our earlier communica- 
tions comprised study of the influence of groups like Et, COOEt etc. Here, 
the simultaneous effect of a Me group in 4-position and an Et group in 5-position 
has been studied. 


Reaction of methyl-n-propyl ketone with substituted thioureas would 
proceed to yield compounds having the following possible structure. 


R,C——"N ( I, R,=n-C,H,;; R,=H. 

I | Il, R,=H; R,=n-C,H;. 
a nce Ill, R,=Et; R,=Me. 
~ IV, R,=Me; R,=Et. 


Structure (I, R,=n-C,;H,; ; R,=H) is ruled out, since the compound does 
not couple with benzene diazonium chloride, indicating that 5-position is not 
free. It has been already proved that thiazoles couple in 5-position if 2-position 
is occupied (Erlenmeyer, Bloch and Kiefer, Helv. Chim. Acta, 1942, 25, 1066; Beyer 
and Walter, Ber., 1952, 85, 1077). This is also in conformity with the postulation 
of an intermediate halogenated compound in the scheme of reactions. When 
n-propylmethyl ketone would be iodinated (in absence of alkali) in the initial 
stages, according to established principles of halogenation, the compound 
formed would be CH;.CH,.CHI.COCH, and not CH;.CH,.COCH,I. Since in the 
intermediate compound formed the Me group would not carry either of the active 
groups, enolic group or iodine atom, there is no possibility for structure (I) to be 
formed. Structure (II, R,=H; R,=n-C,;H,;) is also excluded for the same reason. 
Structure (III, R, = Et; R,=Me) would result, if in the intermediate compound 
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postulated, the enolic group would react with SH and the iodine atom with NH. 
It has been, however, already reported that when monochloroacetone, ethyl 
«-chloroacetoacetate and phenacyl bromide react with thiourea, the resulting 
compounds are respectively 4-methyl-,4-methyl-5-carbethoxy- and 4-phenyl-thiazoles 
and not 5-methyl- or 5-phenylthiazoles, thus indicating that the halogen atom reacts 
with SH group and not NH group. Structure (IV, R, =Me; R, = Et) would therefore 
be the correct representation for the resulting thiazole compounds. 


The experimental procedure adopted for the preparation of thiazoles has 
been illustrated in one particular case in the Experimental. In some cases, 
the final products were gummy and were converted into crystalline ones by 
the formation of their picrates, followed by treatment with LiOH and extraction 
with ether and subsequent evaporation of the ether. 


The thiazole compounds have also been mercurated with mercuric acetate. 
On mercuration the acetoxymercuri group enters the aryl nucleus, proof for 
which has been reported by us earlier (Pujari and Rout, 7. Amer. Chem. Soc., 
1953, 75, 4057). 


TABLE I 


4- Methyl-5-ethyl-2-arylaminothiazole. 


No. Nature of R. Thiazoles. Picrates. 


M.P. Yield. %Nitrogen. %Sulphur. — %Sulphur. 
Found. Calc. Found. Calc. M. P. Yield. Found Calc, 








1 Ce.Hs- 220° 65% 12.31 1284 1412 1468 182? 75% 6.73 7.16 
2 o-CHs3.CgHa- 180° 60 11.82 12.07 1371 13.79 195° 80 6.42 694 
3 m-CH3.CgHy- 166° 75 11.89 12.07 13.19 13.79 218 82 6.33 6,94 
4 p-CH3.Ce6Hy,- 186" 80 1185 1207 1327 1379 1717 8& 6.62 6.94 
5 o-Cl.C6Hy,- 210° 65 11.12 11,09 12.15 1267 198° 78 6.25 6.65 
(softens at 110°) 
6 m-Cl.CeHy4- 184° 67 10 95 11.09 12.69 1267 176 £69 5.91 6.65 
7 p-Cl-C,Ha- 116° 82 10.72 = 11.09 12.58 1267 179 7 5.85 6.65 
8 o-COOH.CsHa- 235° 56 10.15 1068 #1195 1221 145° 65 5.36 651 
9 m-COOH.C.6H4 205° 62 10.36 1068 11.91 1221 224 70 6.30 6.51 


10 p-COOH.C¢H,- 110° 68 10.69 10.68 12.05 1221 220 #8678 6.07 6.51 


IL &-Cy0H7- 107 65 10.15 1045 1132 1194 176 82 598 644 


12 


B-C10H7- 105° 90 10.39 10.45 . 1181 11.94 251 85 635 6,44 
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i. TABLE II 
f 4- Methyl-5-ethyl-2-{ p-acetoxymercuri-arylamino)-thiazoles. 
oC 
> 
5 No. Name of R. M. P. Yield. % Mercury. 
; Found. Calc. 
ts 
e 1 CeH,- 196° 75% 41.90 42.02 
2 o-CH3.C6Hs- 162° 72 40.20 40.82 
3 m-CH3.C4Hs3- 182-83 65 40.35 40.82 
4 p-CH3.CeHs- 173° 70 40.75 40.82 
iS 5 o-Cl.C6H3- 187° 76 38.91 39.18 
s, 6 m-Cl.C4H3- 209° 77 38.82 39.18 
y 7 p-Cl.C6Hs- 196° 73 39.10 39.18 
8 o-COOH.C6H3- 248° 65 38.13 38.46 
2 9 m-COOH.C¢Hs- 218° €0 38.39 38.46 
10 p-COOH.C 4H3- 202° 63 37.97 38.46 
11 4-C,0H,- 226° 73 37.82 38.02 
4 12 B-C; »H6- 168° 76 37.79 38,02 
Tr 
| ExPERIMENTAL 
” 
4-Methyl-5-ethyl-2-6-naphthylaminothiazole.—A mixture of s-naphthylthiourea (10.2 g., 
2M), iodine (6.3 g.,1M) and methyl-n-propyl ketone (3 c.c., 1M) was refluxed for 
8 hours on a boiling water-bath and heated again for about 12 to 14 hours 
without the use of condenser. The crude reaction product was much coloured due 
to excess of iodine, and was kept for 48 hours in contact with ether. Iodine 
was finally removed with dilute solution of Na,S,O;. The product obtained 
was boiled with water and filtered hot to remove any unchanged thiourea. The 
residue was then treated with concentrated ammonia to liberate the base. The base 
was purified by crystallisation from 50 to 60% alcohol two or three times. 
. Thiazoles obtained from carboxyphenylthioureas were soluble in concentrated 


ammonia and were separated by acidifying the ammoniacal solution with acetic 
acid. 


Thiazoles obtained from phenyl-, o-, m-and p-tolyl-, and o-, m- and p-chloropheny]l- 
thioureas were found to be gummy and were converted into crystalline products 
through their picrates by following the procedure already described. 


* 


Mercuration of Thiazoles.—The thiazole bases prepared above were mercurated 
by the method already reported. The properties and analytical data of the 
resulting thiazoles are recorded in Table I and those of mercurated thiazoles 
in Table II. 





Antibacterial Study—The Rideal-Walker Drop dilution method was used for 
the comparative antibacterial study. The results of biological tests indicating 
the maximum effective dilution (M. E. D.) of the compounds at 10 niinutes’ contact 
are shown against the compounds in Table III. The temperature was 36°, 
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The test organisms were 24 hours’ culture of both gram-positive and gram- 
negative organisms such as E. coli and Staphylococcus aureus. 


TABLE III 


Antibacterial activity. 








No. of comp. M. E. D. N>«. of comp. M. E. D. 
Tote). E. Coli. Staph. aureus. a ay E. Coli. Staph, aureus, 
1 <2000 <2000 1 1 : 20,00) 1 : 20,000 
2 mt + 2 1: 10,000 1 : 10,000 
3 - ie 3 1 : 80,000 1 : 80,000 
oe - * 4 1 : 10,000 1 : 10,000 
5 * - 5 1 : 20,000 1 : 20,000 
6 . = 6 1 : 80,000 1 : 80,000 
7 : “ 7 1 : 40,000 1 : 40,000 
8 . 8 1 : 10,000 1 : 10,000 
co) is “ 9 1 : 10,000 1 : 10,000 
10 ™ ' 10 1 : 20,000 1 : 40,000 
1l 2 : 1l 1 : 80,000 1 : 100,000 
12 ; ‘ 12 1 : 100.000 1 : 100,000 


The antibacterial data confirm our earlier findings. Introduction of Hg 
enchances the bactericidal activity considerably. Compounds No. 1-12 (vide 
Table I), which are unmercurated thiazoles, do not show »2y appreciable activity, 
while the compounds No. 1-12 (vide Table II), which are mercurated thiazoles, 
show activities in dilutions up to 1 : 100,000. 


Compounds containing naphthyl group have got maximum activity, while 
the compounds containing carboxyphenyl groups possess minimum activity. 
Compounds containing chlorophenyl and tolyl groups exhibit intermediate 
activity. 


The authors wish to express their grateful thanks to the Board of Scientific 
and Industrial Research, Orissa for a research grant. 


MAYURBHAN) CHEMICAL LABORATORY, 
RAVENSHAW COLLEGE, Received July 28, 1954. 
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p-TOLYLTHIOHYDANTOIN AND ITS DERIVATIVES 


By H. K. PujarRI AND M, K. Rout 


p-Tolylthiohydantion, prepared by interaction of p-tolylisothiocyanate and glycine, has been 
condensed with eleven different aldehydes and two nitroso compounds. 


In view of the usefulness of thiohydantoins in medicine (Hazard, Cheymol 
and Smorzewska, Compt. rend., 1948, 226, 1850; 1948, 226, 2018) as insecticides, 
resin intermediates and corrosion inhibitors (Jacobson, U. S. P. 2,143,816/1939) 
and for several other effects, it appeared of interest to prepare some substitution 
products of thiohydantoins and their condensation products with aldehydes and 
nitroso compounds with the object of examining their biological or other useful 
properties. Condensation products of thiohydantoin with nitroso compounds are 
reported to be also useful as qualitative reagents for Ag, Hg and Cu (Dubsky, 
Mikrochemie, 1940, 28, 145; 1938, 25, 124). It was therefore also considered desirable 
to investigate the possibility of arylidene-thiohydantoins for use as analytical 
reagents, since no work in this direction seemed to have been attempted 
earlier. In view of the observation that p-dimethylaminobenzylidene-rhodanine 
and rhodanine isonitroso derivatives are better analytical reagents than parent 
rhodanine, arylidene-thiohydantoins offer greater scope for investigation than the 
unsubstituted thiohydantoins. 


In the present investigation, -tolylthiohydantoin has been prepared by 
interaction of glycine and p-tolylisothiocyanate in alkaline medium, precipitating 
the thiohydantoic acid formed by treatment with mineral acid and subsequently 
converting the acid into 2-thiohydantoin by heating with mineral acid—a method 
adopted by Aschan (Ber., 1884, 17, 420) and Bailey and McPherson (7. Amer. Chem. 
Soc., 1916, 38, 2523). 


f-Tolylthiohydantoin, thus prepared, has been condensed with eleven 
different aldehydes in glacial acetic acid in presence of anhydrous sodium 
acetate, and with two nitroso compounds in presence of acetic anhydride (Table I). 


ExPERIMENTAL 


p-Tolylisothiocyanate has been prepared by the method of Dains, Brewster 
and Olander (“Organic Synthesis”, Vol. I, p. 437). 


p- Tolylthiohydantoin.—p-Tolylisothiocyanate (20 g.) in alcohol (50 c.c.) was added 
to a solution of glycine (10.5 g.) in caustic soda (about 9g. in 20c.c. of water). 
The reaction mixture was heated on a sand-bath for one hour when a yellow 
precipitate gradually separated from the clear solution, first formed. Excess of 
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alcohol was distilled off. Dilute HCl was then added and the reaction mixture 
was evaporated to dryness. The solid obtained was washed several times with 
water to remove KCl and the undissolved residue (the hydantoin) was recrystallised 
from alcohol, m.p. 228°, yield 80%. (Found : N, 13.31; S, 15,12. C,,H,,ON,S 
requires N, 13.49 ; S, 15.53 per cent). 


TABLE I 
Condensation products of p-Tolylthiohydantoin with aldehydes and nitroso compounds. 
Compound Nature of aldehyde or nitroso M., P. % Yield. % Sulphur. 
No. compound condensed. Found. Calc. 
1 Benzaldehyde 185° 80 10.94 10.88 
2 o-Nitrobenzaldehyde 195° 50 9.12 9.44 
3 m-Nitrobenzaldehyde 142° 76 9.24 9.44 
4 p-Nitrobenzaldehyde 220 70 9.63 9.44 
5 o- Hydroxybenzaldehyde 207° 75 10.47 10.32 
6 p-Hydroxybenzaldehyde 210° (decomp.) 58 10.01 10.32 
7 Anisaldehyde 185° 55 9.65 9.88 
8 Vanillin 205° (decomp.) 75 9.15 9.40 
9 p-Dimethylaminobenzaldehyde 190°(decomp.) 55 9.44 9.50 
10 Cinnamaldehyde 180° 60 9.77 10.00 
11 Furfuraldehyde 170° 82 11.07 11,27 
12 4-Nitroso- £-naphthol > 230° 45 9.21 8.86 
13 p-Nitrosodimethylaniline > 230° 42 9.87 9.47 


1-p- Tolyl-4-benzal-2-thiohydantoin.—Benzaldehyde (0.6 g.) and -tolylthiohydantoin 
(1 g.) were refluxed in glacial acetic acid (20c.c.) in presence of anhydrous 
sodium acetate (2g.) for nearly 3 hours on an asbestos-wire gauge. After 
heating for half an hour the solution became clear. The reaction mixture 
was further heated for 2} hours (during which precipitation did not occur). 
The clear solution was then poured into water when a greyish yellow precipitate 
appeared. After allowing it to stand overnight the precipitate was filtered off 
and recrystallised from alcohol. 

Condensation of wp-Tolylthiohydantoin with <«-Nitroso-p-naphtholl—A mixture of 
p-tolylthiohydantoin (1 g.) and «-nitroso-s-naphthol (0.8 g.) was heated under 
reflux in presence of acetic anhydride (15c.c.) on a sand-bath for 45 minutes. 
After cooling, the clear brown solution was poured into water when the 
condensation product separated out as a gum. On keeping for 24 hours the 
gum hardened up and became crystalline. For further purification and for 
effecting deacetylation (in those cases where acetylated products were obtained), 
the precipitate was dissolved in 20% NaOH and reprecipitated on acidification 
with dilute HCl and filtered off. The resulting products were finally crystallised 
from alcohol. The properties and analytical data of the different condensation 
products are recorded in Table I. 

Work on other thiohydantoins and their derivatives and detailed investiga- 
tion on their use as analytical reagents are in progress. 


MAYURBHANJ CHEMICAL LABORATORY, 


RAVENSHAW COLLEGE, 
CUTTACK 3, Received October 17, 1953, 
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CHEMICAL EXAMINATION OF THE GUM FROM 
DRUM STICK PLANT (MORINGA PTERYGOSPERMA). 
PART I. COMPOSITION OF THE GUM 


By T. R. INGLE AND B. V. BHIDE 


The gum from Drum Stick plant (Moringa plerygosperma, N.O. Moringaceae) was found to be a 
neutral polyuronide, consisting of arabinose, galactose and glucuronic acid in the proporticn 10: 7:2 
moles. Rhamnose was also found to be present in traces. After hydrolysis of the gum by 10% 
sulphuric acid, arabinose and galactose have been isolated in crystalline forms and characterised by 
their functional derivatives. 


Moringa pterygosperma (N. O. Moringaceae), commonly known as Shewga tree in 
the Bombay State, is cultivated in all parts of India and Burma. Almost all parts 
of the tree are highly valued in medicine. Seeds, flowers, bark and roots of this 
tree have been chemically investigated (Zaleski, Ber., 1874, 7, 1013 ; Ghosh, Chopra 
and Datta, Ind. 7. Med. Res., 1935, 22, 785; Rangaswami et al., Curr. Sci., 1946, 15, 
316 ; Rao, George and Pandarai, Nature, 1948, 158, 746). From the roots an anti- 
bacterial substance “pterygospermin” has been isolated. 


The tree exudes a gum which is initially white, but generally changes to 
mahogany colour on the surface. It is generally prescribed by the local medical 
practitioners for rheumatism, and is also used in calico printing. Practically 
nothing, however, i. known of its composition. 


The gum is sparingly soluble in water, but swells enormously in contact 
with it and gives a highly viscous solution (conc. 0.5% approx.). The reddish 
gum solution, when observed under the microscope, appears to contain fibrous 
matter, which gives an appearance of swollen cells and the position of the 
colouring matter present in the gum can be located by the distinct coloured spots. 
The viscous solution forms jelly when 10% solutions of the following reagents are 
added to it: (a) iodine in potassium iodide ; (2) mercuric chloride, (3) ammonium 
molybdate, (4) ferric chloride and (5) lead acetate. With sodium hydroxide 
solution (2%) it forms a reddish solution. 


The gum precipitated as a rosy powder when its viscous aqueous solution 
was added to an equal volume of ethanol. The ash present in the gum was 2.5%. 
The ash-free gum could be obtained by treating the aqueous solution with acidified 
alcohol as a pinkish powder. The ash-free gum, when titrated against alkali, 
did not give a sharp end-point due to presence of the colouring matter ; still 
its equivalent weight appeared to be 1500 (ca.). It gave positive tests for 
pentosans and galactan or galacturonic acid, but gave negative tests for ketoses and 
methylpentoses though methylpentoses were found to be present later in traces, 
The analysis of the purified gum gave the following results, 
9 
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TABLE I 

Reference for the method used. 
Ash 0.3% A.O.A C., 1950., p. 496. 
Cellulose 5.3 Crampton & Maynard, 7. Nutrition, 1938, 15, 383. 
Uronic anhydride 11.9 Dickson, Ottorson & Link, 7. Amer. Chem. Soc., 1930. 52, 775. 
Pentosan 44.2 A.O A.C., 1950, p. 350. 
Methylpentosan Traces Ellet & Tollens, Z. Ver. deut. Zuckerind., 1905, 55, 19. 
Galactan 30.1 A.O AC, 1950, p. 351. 


The fibrous precipitate (cellulose) obtained on hydrolysis of the gum by 10% 
H,SO, was removed by filtration; from the filtrate after concentrating it toa 
syrup, the reducing sugars and the barium salt of the uronic acid were separated. 
The reducing sugars were found to be galactose, arabinose and rhamnose. 
Galactose and arabinose were identified by obtaining them in crystalline form and 
preparing their functional derivatives. Attempts were made to obtain rhamnose 
in a crystalline form from the mother-liquor, but failed. Its presence in the 
mother-liquor was confirmed by its specific test described by Militzer (7. Chem. Ed., 
1941, 18, 25). The purified barium salt of hexouronic acid did not give mucic 
acid on oxidation, but gave characteristic crystals of potassium acid saccharate, 
indicating that the uronic acid present in the gum was glucuronic acid. 


From these results the proportion of arabinose, galactose and glucuronic 
acid present in the gum was found to be 10:7:2. The quantity of galactose was 
calculated by difference. A direct estimation of galactose by oxidation to mucic 
acid gave a low value. 


ExPERIMENTAL 


Purification of the Gum—The gum was collected from the trees in the College 
compound and consisted of somewhat brown tears. The gum (50 g.) was kept in 
contact with water (1 litre) for 24 hours when a viscous thick jelly was obtained. 
It was Altered through muslin by pressing, and the thick filtrate was added to 
90% alcohol (1 litre) when the gum was obtained as a rosy precipitate. The 
precipitate was converted into a rosy powder by triturating with alcohol, yield 
30g. The dry gum contained 2.5% ash, which dissolved completely in dilute 
HC] and showed the presence of Fe?*, Mg**, K*, SO,?-and CO,?>. 


The gum solution (1 litre), prepared as described above, was added to alcohol 
(1 litre) containing HCl (conc., 50 c.c.) with vigorous stirring when the gum 
precipitated as a whitish precipitate. It was redissolved in water and the process 
repeated. After three similar treatments the precipitated gum was triturated 
with absolute alcohol till free from Cl ions when the gum was obtained as a 
rosy powder. Ash content was found to be 0.3%. 


Analysis of the Gum—The gum was acidic to litmus and possessed an equivalent 
weight 1500 (ca). It did not contain acetyl or methoxyl groups and did not 
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reduce Fehling’s solution. It gave positive tests for pentoses (Tollens and Wheeler, 
Annalen, 1889, 254, 329 ; Schiff, ibid., 1887, 239, 380). It vielded mucic acid, m.p. 215° 
(decomp.) when oxidised with nitric acid. Selivanoff’s test for ketoses (Ber., 1887, 20, 
181) and Rosenthaler’s test for methylpentoses (Z. anal. Chem., 1909, 48, 165) were 
negative. The quantitative analysis of the gum for the different constituents 
present is shown in Table I. 


Hydrolysis of the Gum by 10% H,SO,.—The purified gum (10 g.) was kept in contact 
with water (150 c.c.) and H,SO, (50 c.c. of 40%) was added to the thick jelly so that 
the ultimate concentration of H.SO, was 10%. The hydrolysis was followed 
polarimetrically and iodimetrically by the method of Willstatter and Schudel 
(Ber., 1918, 51, 780). The results are recorded in Table II. 


TABLE II 
Period (hrs.) 0 4 8 12 18 24 
[«]25 
+42.8 + 43.6 +401 +36.7 + 36.7 
0.1N-I2 required for 
10 c.c. of the hydro- 
lysate (in c.c.) 0.25 42.1 48.8 49.8 51.15 52.8 


During hydrolysis a voluminous precipitate of cellulose was obtained. 
The precipitate was removed by filtration and the filtrate was neutralised by 
barium carbonate. On removal of barium sulphate the filtrate obtained was 
concentrated to a syrup (10c.c.) under reduced pressure and added to absolute 
alcohol (30 c.c.), when the barium salt of the uronic acid was precipitated. On removal 
of the precipitate (A), the alcoholic extract (A) was concentrated under reduced 
pressure to a syrup, which was examined for non-acidic reducing sugars, yield 5 g. 


Analysis of the Sugar-syrup (A)—The chromatographic examination of the sugar 
syrup according to the method of Partridge (Nature, 1946, 158, 270) and developed 
by the improved method of Novellie (ibid., 1950, 166, 745) indicated the presence 
of galactose, arabinose and rhamnose. They were identified by running authentic 
specimens of these sugars side by side. 


The sugar syrup (5 g.) was dissolved in boiling absolute alcohol (400 c.c.) and 
the yellowish solution on keeping overnight gave a precipitate (a), which was 
filtered. The filtrate (a) was allowed to crystallise further. The precipitate 
(a) on chromatographic examination showed the presence of galactose with a small 
quantity of arabinose. Five crystallisations from absolute alcohol gave pure 
galactose, m.p. 161-62°; [<]2° = + 80 (c=2% in water). Mixed m. p. with the authentic 
specimen remained unaltered. It gave methylphenylhydrazone, m.p. 186° (mixed 
m. p. 186°). 


The filtrate (a) on keeping in a refrigerator for a week gave a white granular 
powder. It was filtered and the filtrate was concentrated to half its volume 
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and kept in a refrigerator overnight when a second crop of crystals was obtained. 
Altogether four crops were collected. These were mixed and crystallised from 
the same solvent, when white crystals were obtained, m.p. 157-58° ; [«]?° = + 105 
(c=2% in water). Mixed m.p. with pure arabinose remained unchanged. Its 
diphenylhydrazone melted at 201° and its osazone at 155°. The mixed m.p. of 
these derivatives with euthentic specimens remained unchanged. 


The mother-liquor on paper chromatogram showed the presence of arabinose 
with small quantities of galactose and rhamnose. The presence of rhamnose 
was proved by testing the mother-liquor under the conditions specified by 
Militzer (loc. cit.) for Rosenthaler’s test. 


Identification of Uronic Acid—When the hydrolysis of the gum was carried 
out for 50 hours under the conditions, described above, the precipitate of the barium 
salt of uronic acid, i. precipitate (A), was found to contain 24.2% Ba, and 
had [x]?'=+125 (c=2% in water). This indicates that the uronic acid 
may be glucuronic acid, the barium salt of which possesses similar physical 
constants. This inference was confirmed by oxidising the barium salt with dilute 
nitric acid when mucic acid was not obtained ; bu. ‘he syrupy oxidised product 
on dissolving in potassium hydroxide and acidif; , with glacial acetic acid 
gave the characteristic crystals of potassium acid sacc.arate. 


MAHARAJA PRATAPSINH CHEMICAL LABORATORY, 
SIR PARASHURAMBHAU COLLEGE, POONA 2. 


Received June 14, 1954. 
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CHEMICAL INVESTIGATION OF GUM MOKHA (SCHREBERA 


SWIETENIOIDES). PART I. ISOLATION OF A NEW 
DISACCHARIDE, SWIETENOSE 


By T. R. INGLE AND B. V. BHIDE 


Gum Mokha (Schrebera swietenioides) on hydrolysis gave galactose, fructose and mannitol (70%). 
Almost 80% of mannitol present could be obtained in the crystalline form. Chromatographic 
examination of the gum solution showed the presence of mannitol, fructose and a reducing sugar 
having a low R; value. It was found to be a disaccharide. probably a digalactoside, and named as 
“Swietenose” (osazone, m.p. 193-94’). 


Gum Mokha (Schrebera swietenioides, N. O. Oleaceae) is a minor forest product 
obtained in the Bombay State. A quantity of the gum was obtained from the 
Forest Department. 


The gum is grey in colour, hygroscopic and easily soluble in water. Precipi- 
tation of the gum from its aqueous solution by absolute alcohol gave a sticky mass, 
difficult to handle, and hence, its aqueous solution (24%) was used to determine its 
composition. It is sweet to the taste, neutral to litmus and optically active. It 
reduced Fehling’s solution. It gave negative tests for pentoses (Tollens and 
Wheeler, Annalen, 1889, 254, 329) methylpentoses (Rosenthaler, Z. anal. Chem., 1909, 48, 
165) and uronic acids (Tauber, Proc. Soc. Expt. Biol. Med., 1938, 38, 171)). Galactose 
was detected by the formation of mucic acid on oxidation of the gum with dilute 
nitric acid. Presence of ketoses was indicated by Selivanoff’s test (Ber., 1887, 20, 181) 
and Pinoff’s test (Ber., 1905, 38, 3317). 


The analysis was carried out on the dry gum by routine methods. The results 
obtained and the methods adopted are recorded below. 


TABLE I 
Reference for the method adopted. 
Ash 3.63% A.O.A.C. 1950, p 496. 
Total reducing sugars 166 Bertrand, Bull. soc. chim., 1906, iii, 35, 1292. 
Aldoses 9.81 Willstatter & Schudel, Ber., 1918, 51, 780. 
Galactan 19.0 A.O.A.C., 1950, p. 351. 
Uronic acid Nil. Dickson et al., 7. Amer. Chem. Soc., 1930, 52, 775. 


The ash dissolved completely in dilute hydrochloric acid and showed the 
presence of Fe**, Ca?*, SO,*- and CO,?. 
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The paper chromatogram’ of the hydrolysate obtained by hydrolysing 
the gum with 10% sulphuric acid indicated the presence of mannitol, galactose 
and fructose. The total reducing sugars estimated in the hydrolysate accounted 
for 30% of the sugars, indicating that mannitol present might be to the extent 
of 70%. 


The crystallisation of the sugars obtained from the hydrolysate gave 
crystalline mannitol (mixed m.p. with an authentic specimen and its hexa-acetate). 
The total mannitol thus isolated accounted for 80% of the total mannitol present 
in the gum. Attempts made to obtain crystalline galactose from the mother-liquor 
failed, but its presence in the mother-liquor was shown by preparing its <-methy]l- 
phenylhydrazone (m.p. 186°). The presence of fructose in the mother-liquor was 
also confirmed by preparing its characteristic osazone (m.p. 204°). 


The chromatographic examination of the gum solution revealed the presence 
of mannitol and fructose but no galactose. Besides, a spot of very low R; value 
was observed, indicating that a reducing polysaccharide might be present. Actually 
the polysaccharide was isolated by extracting the gum repeatedly with 90% alcohol 
whereby all the mannitol and fructose were removed. The polysaccharide was 
sparingly soluble in 90% alcohol and found to be a digalactoside and obtained as 
a white hygroscopic powder (m.p. 83-84°) and optically active. As it appears to 
be new, it has been named “Swietenose’. It gave an osazone, m.p. 193-94°. A 
detailed study of this disaccharide is under publication. 


ExPERIMENTAL 


Purification of the Gum.—The crude gum (10 g.) was dissolved in water (40 c.c.) 
in the cold and the solution was filtered through cloth. The brownish solution 
was decolorised with charcoal and the filtrate was added to absolute alcohol 
(400 c.c.). The gum precipitated as a sticky mass and could not be dried toa 
powder. It was found to be highly hygroscopic, and hence, its aqueous solution 
(24%) was used as a stock solution. 


Hydrolysis of the Gum by 10% Sulphuric Acid.—The stock solution (50 c.c.) 
was diluted with 20% H,SO, (100 c.c.) and water (50 cc.) and the mixture 
was heated on a water-bath at 90°. The hydrolysis was followed by estimat- 
ing the reducing power of the hydrolysate. Though the hydrolysis was 
found to be complete during 3 hours, heating was continued 3 hours more. 
It was then cooled, neutralised by barium carbonate and filtered. The barium 
sulphate was washed with hot water (100 c.c.) and the filtrate and the washings 
were concentrated to a small volume (20 c.c.) under reduced pressure. The concen- 
trate was added to absolute alcohol (100 c.c.). No precipitate was obtained, indica- 
ting the absence of uronic acids. After removing alcohol the sugar mixture 
was dried to a constant weight and was found to be ash-free, 
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Identification of Different Sugars 


(a). Isolation of Mannitol—The dry sugar mixture (5 g.) was dissolved in 90% 
alcohol and allowed to crystallise in a refrigerator. Several crops of the crystals 
were collected and the mother-liquor (B), which did not yield any crystalline 
material on further concentration, was kept aside. The crystalline substance 
melted between 154° and 158°. On recrystallisation from the same solvent it 
melted at 160-61°, yield 2.8 g. Mixed m.p. with pure mannitol remained unchanged. 
Its hexa-acetate melted at 126-27°; [4]*5=+ 18.2(c=2% in alcohol). Patterson 
and Todd (7. Chem. Soc., 1929, 2887) report m.p. of the hexa-acetate of mannitol 
125-26° and [<]19,+ 18.53 (c= 1.389 in ethylene dibromide). 


(6). «-Methylphenylhydrazone of galactose was prepared from the mother-liquor 
(B) according to the procedure described by Hirst, Jones and Woods (7. Chem. Soc., 
1947, 1049), m.p. 186° ; mixed m.p. with an authentic specimen remained unchanged. 


(c). Preparation of Fructosazone.—The mixture of the osazones, obtained by 
treating the mother-liquor (B) with phenylhydrazine acetate in the usual manner, 
showed the presence of galactosazone and fructosazone, when examined under a 
microscope. The mixture was therefore extracted several times with boiling 
water in which the fructosazone was sparingly soluble. The residue was cry- 
stallised from ethyl alcohol when characteristic crystals of fructosazone were 
obtained, m.p. 204°. 


Isolation of the Disaccharide “Swietenose”.—The stock solution (125 c.c.) was con- 
centrated under reduced pressure and the gum, thus obtained, was extracted with 
90% alcohol till the residue became free from fructose. The residue was then 
dissolved in water (15 c.c.), treated with charcoal and the filtrate was added to 
absolute alcohol (400 c.c.) when the disaccharide separated as a white powder, yield 
2g. Itis hygroscopic, sparingly soluble in ethyl and methyl alcohol and insoluble 
in ethyl acetate. It reduced Fehling’s solution and had [«]*) = + 106.25 (c=2% in 
water). Its molecular weight was determined by cryoscopic method in water as 
340. On complete hydrolysis with 3% sulphuric acid (5 hours) the total reducing 
sugar as well as the total aldose content was doubled. Chromatographic examina- 
tion of this hydrolysate indicated the presence of galactose only. These results 
indicate that the disaccharide is likely to be a digalactoside. (Found : C, 41.9; 
H, 6.3. C,.,H,.O,, requires C, 42.11; H, 643 per cent). Swietenose gave an 
osazone, which crystallised from alcohol in the form of a yellow powder, 
m.p. 193-94°. (Found : N, 10.8.C,,H;,O0,N, requires N, 10.77 per cent). 


MAHARAJA PRATAPSINH CHEMICAL LABORATORY, 
SIR PARASHURAMBHAU COLLEGE, POONA 2, Received June 14, 1954, 
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TEMPERATURE VARIATION OF PARTICLE WEIGHT AND SIZE 
IN ISOELECTRIC GELATIN SOLS 


By J. C. GHosH AND B. P. GYANI 


Diffusion coefficient of 1% gelatin sol at py 4.7 (isoelectric point) has been measured at 
different temperatures. Variations in apparent particle radii and particle weights with respect to 
temperature. have been calculated. The nature of the results shows that decrease in particle weight 
due to increase in temperature is due to disaggregation of particles rather than dehydration, 
The lowering of concentration produces similar results as increasing the temperature. 


Combination of the Einstein equation for diffusion (Z. Elektrochem., 1908, 
14, 235), 
RT 
Nf 


with the Stokes equation (/f = 67r “id _ (2) 


D= (1) 


(D =diffusion coefficient, f= frictional coefficient of diffusing particles, »= viscosity 
of the solvent, r=radius of particles considered spherical) leads to the equation, 


RT 
GraNr (3) 
MD+ R3T8 
orp 162 Ne it ” 


(op = density of particles). It is then possible to evaluate the particle weight or 
molecular weight M. A knowledge of the partial specific volume then leads to 


the value of r. 


If this value of r is inserted in equation (3), one does not usually get D, but a 
different value D, since the assumption on which r is calculated is usually incorrect 
in the sense that particles depart from a sphere in shape. D/D,, the shape 
factor, is therefore rarely unity and may have a value as large as 100, as pointed out, 
for example, by Basu (this Journal, 1947, 24, 263). It is clear therefore that an idea 
about dissymmetry of the particles may be obtained from diffusion experiments. 


Measurements on diffusion of gelatin are few. Krishnamurthi and Svedberg 
(7. Amer. Chem. Soc., 1930, 52, 2897) measured the diffusion coefficient of 0.4% gelatin 
sol at py 5.6 and 20° in the ultracentrifuge and found D to vary with time ; the 
molecular weight varied from 11,000 to 70000 at p, 4. McBain et al. (ibid., 1934, 
56, 1021) questioned the results of Svedberg and pointed out that interaction 
with H* and other ions affected the value of D. This was confirmed by Friedmann 
and Klemm (ibid., 1939, 61, 1747). They showed that a minimum value of D was 
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obtained at the isoelectric point and this value alone should be employed in 
calculating M and the shape factor. 


ExPERIMENTAL 


The experimental procedure for determining D was essentially that developed 
by McBain and Lu (ibid., 1931, 53, 59). A large Jena sintered glass funnel carrying 
a tap A on the stem served as the Fic. 1 
diffusion cell. The conical space C 
was filled with the experimental liquid 
by sucking at’ A. The cell was then A 
inserted in a beaker of air-free water 
and all air bubbles below the sintered 
glass diaphragm were removed with 
the help of the bent tube B. The 
entire arrangement was covered by 
a bell jar and set in a vibration- 
free air thermostat with a temperature 
constant to +0.3°. The beaker con- 
taining water was changed after an 
hour by another containing a known c 
volume of air-free water. In the first 3 
instance the experimental solution 
was N/10-KCl1 whose diffusion coeffici- 
ent at different temperatures was 
known. The cell constant x/a was 
calculated from the equation, 











/ 








/\x l 
De= a aa es 
where a=area of diaphragm perpendicular to the direction of diffusion, x= thickness 
of diaphragm, t=time and c=concentration of the solution diffusing. x/a had a mean 
value of 0.0685. In the case of gelatin the contents of the beaker into which 
diffusion occurred were analysed from time to time by evaporation to dryness and 
weighing. Care was taken to maintain the temperature during evaporation 
below 70°, thus eliminating hydrolysis (Davis, Oakes and Browne, ibid., 1921, 43, 1526). 
The diffusion coefficient of gelatin was calculated with the help of the equation, 

ViV,K in Cy 


~(V,+V,t "toes ( ay 5 a (5) 





Vi 
where V,=volume of cell=62.5 c.c., V,=volume of water taken in the beaker, 
K=cell constant, t=time of diffusion, ¢, =initial conc. of gelatin in the cell, c, =conc. 
of gelatin in the beaker after time ¢. All the measurements were carried out at least 
in duplicate and were satisfactorily reproducible. The values frequently agreed 
within 5%. The gelatin solutions in these experiments were preserved against 
bacterial action by adding crystals of thymol, 
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DISCUSSION 
The results of measurements leading to values of D for 1% isoelectric gelatin 
at different temperatures are shown in Table I. 
TABLE I 
V,=62.5c.c. K=0.0685. 
Temp. Vo. t. Co. Co. D(cm.2/day) 
22° 400 c.c. 187 hrs. 9.16 g/litre. 0.0475. /litre. 0.0233 
500 163 9.16 0.0480 0.0268 
27.5° 500 117 9.16 0.0600 0.0382 
400 104 9.16 0.0620 0.0403 
35.0° 500 153 9.50 0.1020 0.0692 
400 135 9.50 0.1080 0.0580 
40.5° 500 149 9.50 0.1430 0.0893 
400 145 9.50 0.1500 0.0341 





Fig. 2 shows the plots of Dand other calculated quantities against tempera- 
ture. D increases at first proportionally with temperature but beyond 35° it starts 
increasing steeply. This is somewhat analogous to vapour pressure curves of 


Fic. 2 
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pure liquids. Values of D at desired temperatures may be read out and some of 
these are used in Table II for the calculation of apparent radii of sol particles at 


different temperatures, 
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TABLE II 
Radii of gelatin particles from diffusion measurements on 1% isoelectric gelatin. 
Temp. 20° 250 30° 350 40° 
D (cm.2/day) 0.024 0.034 0.045 0.059 0.081 
r (A) 76.45 62.30 53.23 45.24 37 04 


Fig. 2 shows a comparatively small variation inr. The apparent radius 
decreases almost proportionally with increasing temperature. 


To obtain the particle weights with the help of equation (4) we require the 
density of particles in the sol state. This is the inverse of the partial specific volume 
if the particles are not too small. Partial specific volume of gelatin was measured 
according to Svedberg and Chirnoaga (7. Amer. Chem. Soc., 1928, 50,1401). It varied 
little with concentration or temperature and a mean value of 0.73 was obtained. 
The particle weights calculated are shown in Table III. 


TABLE III 
Average particle weights in 1% isoelectric gelatin sol at different temperatures. 
pu 4.7. 
Temp. 20° 250 30° 350 400 
Particle wt. x 10~% 1486 838 503 319 175 


These values are also plotted in Fig. 2. There is an appreciable fall in 
particle weight with increasing temperature. 


Equation (3) not only requires that the particles concerned be spherical but 
also that they should be electrically neutral. This latter condition is fulfilled 
by making these measurements at the isoelectric point, p, 4.7. The decrease of 
both particle weight and radius with temperature may therefore correspond to 
changes in tae state of hydration, aggregation or hydrolysis, if these occur at all. 


An important observation from these measurements was that D appeared 
to be independent of the period of diffusion. Even after long storage of the 
gelatin solution (provided a suitable preservative was present) D could be 
reproduced if temperature and p, were constant. This reduces the possibilities 
that hydrolysis at ordinary temperatures may be pronounced or that the sol 
may be highly polydisperse. Progressive hydrolysis had been quantitatively 
considered by Ekenstam (Ber., 1936, 69B, 553; cf. also Stamm and Cohen, 
7. Phys. Chem. 1938, 42, 921) who came to the conclusion that hydrolysis 
constant, 


. 1 1—m/M 

K = r ln i—m|M, eee eee (6) 
where M=initial molecular weight, M, = average molecular weight at time ¢ and 
m= final molecular weight. It is clear that the value of X must be small since we 
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did not note any appreciable difference between Mand M,. We are therefore left 
with the possibilities that the changes in particle weight may be due to 
dehydration or disaggregation at higher temperatures. 


Tables II and III show that while the equivalent radius is halved on increas- 
ing the temperature from 20° to 40°, the particle weight is reduced to one-eighth. 
There is a cubic ratio between radius and mass alsoat other temperature 
intervals. The decrease in particle weight should therefore be ascribed to 
disaggregation of the particles rather than dehydration. 


In order to calculate the asymmetry factor, it is necessary to have an idea 
about the true molecular weight. This can perhaps be had by measurement 
of osmotic pressure or a related phenomenon. Such data are unfortunately not 
available. The data based on diffusion by previous workers are also quite 
variable. Moreover, an exact comparison is not possible because the measure- 
ments were carried out at different concentrations of gelatin and at different py ; 
the values vary from 11,000 to 96,000 (cited by Krishnamurthi and Svedberg, 
loc. cit.). 


Table IV contains the results of some measurements of D at increasing 
concentrations of gelatin. This shows that aggregation takes place as 
the gelatin concentration is increased. Consequently, the particle weight increases 
as the concentration is increased. ‘The increase in concentration has, however, 
a less pronounced effect, but in the same direction, than decrease in temperature. 


TABLE IV 
Diffusion coefficients of 1,2 and 3% gelatin sols at 35°. 
Pu = 4.70. 
Cone. 1% 2% 3% 
D (cm.2/day) 0.059 0.057 0.051 


One of us (J.C.G.) is grateful to the Patna University for the grant of a 
research scholarship. 
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STUDIES IN THE SYNTHESIS OF 4HYDROXYQUINOLINES 


By R. K. MAPARA AND C. M. DESAI 


Ethyl arylaminomethylene-acetoacetates,-malonates and £-arylamino-6-carbethoxyacrylates, 
obtained by the condensation of some aromatic amines with ethyl ethoxymethylene-acetoacetate, 
-malonate and ethoxalylacetate respectively, have been cyclised by acetic anhydride-sulphuric acid and 
thermal methods. 


Gould and Jacobs (7. Amer. Chem. Soc., 1939, 61, 2890) condensed ethyl ethoxy- 
methylene-malonate with aromatic amines and cyclised the resulting ethyl 
arylaminomethylene-malonates in mineral oil at 250°-265°. Price and Roberts 
(ibid., 1946, 68, 1204) modified the method by substituting diphenyl ether and 
Dowtherm A. Price et al. (ibid., 1946, 68, 1251) substituted ethoxymethylene-cyano- 
acetic ester for malonic ester and prepared 3-cyano-4-hydroxyquinolines. 


By the method of Conrad-Limpach (Ber., 1887, 20, 988) 4-arylamino-s-car- 
bethoxyacrylates Were cyclised to furnish 4-hydroxyquinoline-2-carboxylates (Surrey 
and Hammer, 7. Amer. Chem. Soc., 1946, 68, 113 ; Riegel et al., ibid., 1946, 68, 2685). 


Desai and Bangdiwala (Curr. Sci., 1952, 21, 256, 358 ; Science G Culture, 1953, 19, 308 ; 
this Journal, 1953, 30, 655 ; 1954, 31, 43, 553, 555, 711, 714) employed in this laboratory 
acetic anhydride and sulphuric acid to cyclise anils of different s-ketonic esters, 
such as ethyl acetoacetate, benzoylacetate, acetylmalonate, acetylcyanoacetate, and 
obtained different 4-hydroxyquinolines. This work has been further extended to 
cyclise anils of ethyl ethoxymethylene-malonate, -acetoacetate, -cyanoacetate and 
ethyl ethoxalylacetate. 


Ethyl arylaminomethylene-malonates of m-toluidine, 1 : 3: 4-xylidine, o- and 
m-chloroanilines, o- and -phenetidines were prepared by the method of Duffin and 
Kendall (7. Chem. Soc., 1948, 893). Similarly, anils were prepared from ethoxy- 
methylene-acetoacetate and o-, m- and p-toluidines, chloroanilines, o- and p- 
anisidines, phenetidines, m- and p-nitroanilines and 1:3: 4-xylidine; the method 
of Surrey and Hammer (loc. cit.) was employed for the preparation of anils from 
ethoxalylacetate and aniline, p-toluidine and p-anisidine. 


Acetoacetate anils were cyclised by both thermal and acetic anhydride-sul- 
phuric acid methods while malonate and oxalacetate anils were mainly cyclised 
by the latter one. Snyder and Jones (J. Amer. Chem. Soc., 1946, 68, 1254) obtained 
7-chloro-3-acetyl-4-hydroxyquinoline from m-chloroanilinomethylene-acetoacetate 
with boiling diphenyl ether. The same isomer was obtained by us with this 
method, but the 5-chloro isomer was obtained with the anhydride-sulphuric acid 









952 R. K. MAPARA AND C. M. DESAI 


method. Price and Roberts (loc. cit., p. 1206) isolated 7-chloro isomer when m-chloro- 
anilinomethylene-malonate was cyclised in diphenyl ether. When, however, the 
cyclisation was ‘effected with acetic anhydride and sulphuric acid, the 5-chloro 
isomer was obtained by us. This was further confirmed by the fact that when ethyl 
m-chloroanilinomethylene-cyanoacetate was cyclised by the same method, 5-chloro- 
4-hydroxyquinoline-3-carboxylic acid was obtained, cyano group being hydrolysed. 
This acid was found to be identical with the acid obtained by hydrolysis of ethyl 
5-chloro-4-hydroxyquinoline-3-carboxylate and different from the acid obtained by 
hydrolysis of 7-chloro-3 cyano-4-hydroxyquinoline (Price et al., loc. cit.) or 7-chloro-4- 
hydroxyquinoline-3-carboxylate (Price and Roberts, loc. cit.). It may be added that 
Desai and Bangadiwala (Curr. Sci., 1952, 21, 256) obtained only the 5-isomers from 
m-chloroanilino- and m-toluidino-crotonates. In view of these observations the 
products obtained from ethyl m-toluidinomethylene-malonate and -acetoacetate, 
when cyclised by the acetic anhydride-sulphuric acid method, have been presumed 
to be the 5-isomers, and those obtained by the thermal method, 7-isomers, as their 
mixed m.p. was also found to be depressed. 


ExPERIMENTAL 


Ethyl 5-Chloro-4-hydroxyquinoline-3-carboxylate—H,SO, (conc., 20 c.c.) was added 
within 2 minutes to a mixture of ethyl m-chloroanilinomethylene-malonate 
(20 g.), prepared by the method of Duffin and Kendall (loc. cit.), and acetic anhydride 
(40 c.c.). The reaction was accompanied with copious effervescence and vigorous 
heat. The reaction mixture after being cooled was treated with ice and just 
neutralised with 33% NaOH solution. Reddish white solid (3 g., 18%) after 
being filtered, washed and dried, melted at 240°—265°. Repeated crystallisations 
from nitrobenzene gave white prismatic crystals, m.p. 271°. (Found : N, 5.3; Cl, 
13.7. C,,H,,O3; NCl requires N, 5.6; Cl, 14.1 per cent). 


5-Chloro-4-hydroxyquinoline-3-carboxylic Acid. Method (A).—The above ester (2 g.) 
was hydrolysed by refluxing it for an hour with 50 c.c. of 2N-NaOH, then 
charcoaled and acidified with HCl (conc.). The white precipitate, when crystallised 
from alcohol, gave needles, m.p. 241-42°. (Found: Neut. equiv., 222.0; N, 6.0; Cl, 15.5. 
C,,H,O;NC1 requires neut. equiv., 223.5 ; N, 6.3; Cl, 15.9 per cent). 


Method (B): From Ethyl m-Chloroanilinomethylene-cyanoacetate.—H,SO, (conc. 
20 c. c.) was added within 5 minutes toa mixture of m-chloroanilinomethylene- 
cyanoacetate (20 g.), prepared by the method of Snyder and Jones (loc. cit.) and 
acetic anhydride (60 c.c.). The reaction was accompanied with vigorous 
effervescence and evolution of heat. The mixture was treated with ice, then 
just neutralised with sodium hydroxide and left overnight. The brownish white 
solid was filtered and refluxed with 100 c.c. of 2N-NaOH for 1} hours and then 
charcoaled. On acidifying the filtrate with HCl white precipitates were obtained. 
Recrystallisation from alcohol gave white needles, m.p. 241-42°. The mixed 
m.p. of this substance with the acid, obtained by method (A), was undepressed, 
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Ethyl 7-chloro-4-hydroxyquinoline-3-carboxylate was prepared by cyclising ethyl 
m-chloroanilinomethylene-malonate (5 g.) in boiling diphenyl ether. The greyish 
white solid, which separated on cooling, after crystallisation from nitrobenzene 
melted at 296° (Price and Roberts, Joc. cit.). 


7-Chloro-4-hydroxyquinoline-3-carboxylic Acid—The above ester (1 g.), on being 
refluxed with 2N-NaOH (25 c.c.) for an hour and subsequent acidification 
with HCl and crystallisation from nitrobenzene, yielded white crystals, m.p. 269° 
(Duffin and Kendall, loc, cit.). 


Ethyl 5-Methyl-4-hydroxyquinoline-3-carboxylate—H,SO, (conc., 13 c.c.) was added 
within 5 minutes to 13 g. of ethyl m-toluidinomethylene-malonate, dissolved in 26 c.c. 
of acetic anhydride. Vigorous reaction took place with the evolution of heat and 
effervescence. On neutralising the resulting mixture, in which powdered ice was 
previously added, with 33% NaOH, yellowish white solid separated (8 g., 74%). 
It was then crystallised from rectified spirit, m.p. 246°. (Found : N, 5.8.C,,H,,0,N 
requires N, 6.1 per cent). 


5-Methyl-4-hydroxyquinoline-3-carboxylic acid was obtained by hydrolysing the above 
ester (1 g.) with 2N-NaOH (25 c.c.) and acidification with HCl as a white precipi- 
tate. It was crystallised from nitrobenzene, m.p. 255° (decomp.). (Found: 
Neut. equiv., 202; N, 7.1. C,,H,O;N requires neut. equiv., 203 ; N, 6.9 per cent). 


Ethyl 7-Methyl-4-hydroxyquinoline-3-carboxylate.—Ethyl m-toluidinomethylene-malo- 
nate (10 yz.) was cyclised by dropping it in boiling diphenyl ether (125 c.c.) within 
10 minutes and boiling the mixture for additional 30 minutes. Yellowish white 
solid that separated on cooling was filtered and washed with petroleum ether. 
White needles were obtained on crystallisation from nitrobenzene, m.p. 272-73°. 
(Found : N, 5.7.C,,;H,;0; N requires N, 6.1 per cent). 


7-Methyl-4-hydroxyquinoline-3-carboxylic acid was obtained from the above ester (1 ¢.), 
on hydrolysis with 2N-NaOH and subsequent acidification as white needles (from 
nitrobenzene), m.p. 263° (decomp.). (Found : Neut. equiv., 202.5 ; N, 6.6.C,,H,O,N 
requires neut. equiv., 203; N, 6.9 per cent). 


3-Acetyl-4-hydroxyquinoline.—Ethyl anilinomethylene-acetoacetate (Dains, Ber., 
1902, 35, 2509) (12.5 g.) was cyclised in acetic anhydride (25 c.c.) with H,SO, (conc., 
12.5 c.c.) in the above manner. Reddish white precipitate, obtained from the 
mixture after treatment with ice and sodium hydroxide, was crystallised from 
aqueous alcohol (50%), m.p. 244°, yield 6.2 g. (Found: N, 7.6. C,,H,O,N requires 
N, 7.5 per cent). Alcoholic solution gave a red coloration with ferric chloride, 
Its phenylhydrazone melted at 225-26°, 
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8-Methyl-3-acetyl-4-hydroxyquinoline—Ethyl o-toluidinomethylene-acetoacetate 
(Dains, loc. cit.) was cyclised as before and the precipitate obtained after the usual 
treatment was crystallised from alcohol, m.p. 273-74", yield 3.2 g( Found: N, 68. 
C,,H,,0,N requires N, 7.0 per cent). 


Ethyl m-Toluidinomethylene-acetoacetate——T he warm mixture of ethyl ethoxymethyl- 
ene-acetoacetate (39 g.) and m-toluidine (23 c.c.) was heated in steam-bath for an hour. 
The ethereal solution of the viscous product was shaken with 1 N-HCl, then with 
NaHCO, solution (10%) and washed with water. The product, obtained on evapor- 
ation and desiccation over K,CO;, melted at 55° (white needles). (Found : N, 5.5. 
C,,H,;0; N requires N, 5.7 per cent). 


The compounds mentioned in Table I were similarly prepared. They do 
not seem to have been prepared before. 


5-Methyl-3-acetyl-4-hydroxyquinoline—The above anil (11 g.) was cyclised by means 
of acetic anhydride (22c.c.) and H,SO, (conc., 11 c.c.). The reaction mixture, 
after being treated with ice and neutralised with NaOH, deposited a semi-solid 
tarry mass. It was dissolved in NaOH solution, charcoaled and then filtered. 
The filtrate, when acidified with HCl (conc.), gave a white solid which on 
recrystallisation from alcohol melted at’ 222°. (Found: N, 69. C,,H,;,O.N 
requires N, 7.0 per cent). 


7-Methyl-3-acetyl-4-hydroxyquinoline.—The solution of the same anil (5.5 g.) in 
diphenyl ether (20 c.c.) was added in 15 minutes to boiling diphenyl ether (60 c.c.) and 
the boiling was continued for half an hour. The product obtained on cooling was 
filtered and washed with petroleum ether. It was then dissolved in NaOH and the 
solution was charcoaled and filtered. The filtrate, when acidified with HCl (conc.) 
gave a yellow precipitate which on repeated crystallisation from nitrobenzene gave 
white needles, m.p. 279°. ‘Found: N, 7.3. C,,.H,,O,N requires N, 7.0 per cent). 


5-Chloro-3-acetyl-4-hydroxyquinoline—H,SO, (conc., 8 c.c.) was added within 2 
minutes to the solution of ethyl m-chloroanilinomethylene-acetoacetate, dissolved in 
acetic anhydride (24 c. c.). On working up as usual a brownish white solid separated. 
On crystallising the crude product from nitrobenzene, white prismatic crystals 
were obtained, m.p. 248°. (Found : N, 6.1; Cl, 15.7.C,,H,O,NCl requires N, 6.3 ; 


Cl, 16.0 per cent). 


7-Chloro-3-acetyl-4-hydroxyquinoline was prepared by the cyclisation of ethyl m-chlo- 
roanilinomethylene-acetoacetate (10 g.) in boiling diphenyl ether. After two 
crystallisations of the crude product from nitrobenzene white crystals were obtained, 
m.p. 315° (Snyder and Jones, loc. cit.). 


Details of all other experimental work are summarised in Tables II, III 
and IV, 
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TABLE III 


%Yield by M. P. Formula. 
Method I. Method II. 


A. Ethyl 4-hydroxyquinoline-3-carboxylates. 





% Nitrogen. 
Found. Calc. 


Unsubstituted 42 90 270 C,2H,,03N ... (1)* 

&Chloro- 52 63 254° C,2H;90O3NCI... (2)* 

8-Ethoxy- 15 ae 242 Ci4H;s0O4N 5.7 5.4 
B. Ethyl 4-hydroxyquinoline-2-carboxylates. 

Unsubstituted 48 61 213° C,2H;,03N . oF 

6-Methyl- 52 a 212 C,3H,303N 5.7 61 

6-Methoxy- 50 85 215 C,3H13;30EN Sw 


Method I: Acetic anhydride-sulphuric acid. Method II: Thermal. 


(1)* 
(2)* 
(3)* 
(4)* 


tw 


(1)* 
(2)* 
(3) 
(4)° 


Riegel ef al., 7. Amer. Chem. Soc., 1945, 68, 1265; Duffin and Kendall. 
Tarbell, 7. Amer. Chem. Soc., 1946, 68, 1278. 

Riegel et al., ibid., 1946, 68, 2685, 

Surrey and Hammer, ibid., 1946, 68, 115 ; Riegel et al., loc. cit. 


TABLE IV 


Jj. Chem. Soc., 1948, 824, 


M. P. Formula. % Nitrogen. 
Found. Calc. 

A. 4-Hydroxyquinoline-3-carboxylic acids. 

Unsubstituted 269° (decomp.) Ci0H;OsN__..... _(1)* 

8-Chloro- ad C,oHsOsNCl... (2)* 

8-Ethoxy- at a ) Ci2H;,;0,N 5.8 6.0 
B. 4-Hydroxyquinoline-2-carboxylic acids. 

Unsubstituted lt CiogHzO3N ... (3)* 

6-Methyl- wat C1,;H sQ3N 6.6 6.9 

6-Methoxy- mrt ow 3 Ci1H9O4N ... (4)* 


Riegel et al., loc, cit., Duffin and Kendall, loc. cit. 
Tarbell, Joc. cit. 

Riegel et al., loc. cit. 

Surrey and Hammer, loc. cit. 
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Received July 27, 1954, 
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INTERFACIAL TENSION AND COMPLEX FORMATION. PART I 


By C. M. DESAI 


Interfacial tension-concentration curves of mixed solutions of alkali and other metal chlorides 
indicate three, six or seven complexes with zinc chloride, two or four with nickel chloride and 
only two with cadmium chloride or bromide systems with decrease in salt concentrations. Such 
utves of mixed solutions of two metal chlorides or nitrates tend to show the following order of 
complexing capacity of different metal salts : (i) HgClg >CuCl2=CoCly=NiCl» >CdCly >BaCl» and 
(ii) Cd(NO3)2>Cu(NO3)2 = Co(NO3)2 = Ni(NO3s)2 = Mg(NO3)2>Ca(NO3)o = Ba(NOs), = 
Sr(NOs3)o2. 


The variations in the nature and number of complexes in mixed aqueous 
solutions, observed with different metal and alkali salt systems, have been 
reported by Desai and Kazi (this Journal, 1953, 30, 421, 872; 1954, 31, 165, 332; 
Science & Culture, 1953, 19, 259). In this paper such observations with zinc chloride, 
nickel chloride and cadmium chloride or bromide systems are given. The 
complexing tendency in solution between different bivalent metal chlorides or 
nitrates has also been examined. 


Zine chloride and bromide in aqueous solutions show anomalies with 
respect to both activity coefficients and transport numbers which might be 
ascribed to the formation of intermediate or complex ions (Stokes and Levien, 
Jj. Amer. Chem. Soc., 1946, 68, 333). From the transport number data, however, 
Partington and Egan (7. Chem. Soc., 1945, 191) deduced that complex ions 
would not be present in zinc chloride, but ions such as ZnI,; or ZnI,?~ might be 
present in zinc iodide solutions. Some E.M.F. and conductance data have 
been accounted for by the formation of complex ions, such as ZnClZ~ in zinc 
chloride—calcium chloride mixtures (Robinson et al., 7. Phys. Chem., 1947, 51, 704). 
Cadmium iodide forms with alkali iodides two complexes, the complex anions 
being CdI, and CdI,?~- (Curr. Sci., 1953, 22, 15; this Journal, 1954, 31, 166). 


The different effects produced by anhydrous zinc and calcium chlorides on 
cobalt chloride are explained on the basis that zinc having greater tendency to 
enter into negative complex groups, would form Co (ZnCl,), while calcium 
double chloride would be Ca(CoCl,), since cobalt has a greater tendency to form 
negative complexes than calcium (Engel, Bull. soc. chim., 1891, iii, 6, 240). The 
formation of complex anions CuCl?-, HgCl?2- and CoCl,?~ in solutions of their 
metal chlorides with other chlorides was indicated by a number of workers 
(Yajnik et al., J. Amer. Chem. Soc., 1924, 46, 802; this Journal, 1942, 19, 356; 
Bhatnagar et al., ibid., 1936, 13, 489 ; Watkins and Denham, 7. Chem. Soc., 1919, 115, 
1269 ; Moeller, 7. Phys. Chem., 1944, 48, 111). The decoloration of blue solutions of 
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cobalt chloride by mercuric chloride is shown to be due to the formation of HgCl,~ 
ions (Spiegler and Bobtelsky, 7. Chem. Soc., 1949, 143). Chatterji, Ghosh and 
Naha (J. Chem. Phys., 1952, 22, 344) have tried to show the formation of complex 
CuCl?2- with increasing concentration of the chloride—ammonium, potassium, 
calcium and aluminium—by means of absorption curves in the near infra-red. 
No such indication was, however, observed with nickel chloride and also with 
copper chloride in presence of mercuric chloride. 


ExPERIMENTAL 


The salts used were of standard quality and recrystallised. A solution of salt 
B (12 c.c.) was taken in a 50 or 100 c.c. flask and different volumes of solutions of 
salt A of the same concentration as that of B were added to it and the total volume 
was made up to 50 or 100 c.c. as the case may be. Thus a series of mixed solutions 
was prepared by the monovariation method from each of the pairs of stock 
solutions for measuring interfacial tension against isoamyl or n-butyl acetate. 
The values of the interfacial tension were plotted against the c.c. of solution A 
in the mixture. The peaks observed in the graphs for each mixture of A and 
B indicate the complex formation. The compositions of complexes are shown in 
the last column of the table in which 


a= A.4B e=A.B 
b=A.3B f=3A.2B 
c= A.2B g=2A.B 
d= 2A.3B he4A.B 


DISCUSSION 


It appears that the number of complexes formed between zinc chloride and 
alkali chloride varies from three to six or seven as the salt concentration is decreased. 
When only six complexes out of seven are observed, (b) is not evident with 
potassium, ammonium or lithium systems, while (a) disappears with sodium 
system. The dilution of alkali salt solution has to be progressively increased in 
the order: Li> Na> K, for the formation of maximum number of possible complexes, 
just as it happens in the case of mercuric chloride or bromide systems (loc. cit.). 
Nickel chloride like cupric and cobaltous chloride (this Journal, 1954, 31, 329) forms 
with alkali chloride four complexes at low salt concentrations and two at 
comparatively. high concentrations. Cadmium chloride or bromide shows the 
same behaviour as cadmium iodide (loc. cit.) with alkali halides. 


It appears that copper, cobalt and nickel chlorides have the same degree 
of complexing tendency among themselves, namely (c) A. 2 B, (e) A. B, (g)2 A. B; 
mercuric chloride has a greater tendency than either (A) copper, cobalt or nickel 
chloride: (e) A. HgCl,, (g) 2 A. HgCl,; copper, cobalt and nickel chlorides 
greater than cadmium chloride: (c) A. 2CdCl,, (e) A. CdCl, ; cadmium chloride 
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TABLE I 
Conc. Salt A. Salt B. Peaks correspond to 
80 M ZnCl KCl or NH,Cl a, b,c, d, er f, g 
4 a i. ms a, c,d,e,f,¢ 
1 * * % G +& of 
100 - NaCl a, b,c, d,e, £, g 
70 “ ” b, c, d, e, f, g 
50 ~ - o-~e58 
500 a LiCl a, -, c, d, e, f, g 
100 - de a oe 
40 NiCl» KCl, NH,Cl, NaCl b, c, =. & * g 
or LiCl 
1 am KCl or NH,Cl & - & 
2 * NaCl or LiCl C 7% O.% © 
20 CdCle or CdBry K-, NH, -, Na- or Li- a «& 
Cl (or Br) 
40 = ” se “34° 
80 CdCl. BaClo Cc e 
80 CuCle CdCle Gc e 
80 CoCle CdClo Gg e 
80 BaCle HgCle e, g 
80 CuCle HgCle e, g 
80 NiCl? HgClo e, g 
80 CoCls CuCl, eee 
80 CuCle NiCle Se @ s 
160 NiCl» CoCle qe @& £ 
50 Cu (NO3)e2 Ni(NOs)2 a 2 &@ £8 
50 Cu (NOs)2 Co (NO3)2 eae gh 
50 Co (NOs3)2 Ni (NOs)2 ac ee gh 
20 Ni(NOs3)2 Mg(NO3)2 ac, e g,h 
20 Cu (NOs3)2 Mg(NO3)2 aj « e gh 
20 Co (NO3)2 Mg(NOs3)2 s & & oe 
10 Sr (NO3)2 Ba (NO3)e ac e gh 
10 Ba (NO3)2 Ca (NO3)¢ es 24 @&@ oe 
10 Sr (NO3)e Ca (NOs)e a. &- & Bae 
20 Co(NOs)oe Ca (NO3)2 i. & 
20 Mg(NOs3)o Ba (NOs3)2 . + se 
20 Cu-, Co-, Ni-, or Ca-, Ba-, or a. & a& 6 
Mg(NO3)2 Sr (NO3)2 
10 Cd (NO3)2 Ba (NO3)e ao es 
20 Cd (NO3)2 Ni(NOs3)e a &© & 
20 or 100 Cd (NO3)2 Cu (NO3)e oe 
20 Cd (NO3)2 Mg(NOs3)2  & &'¢ 


(A) greater than barium chloride : (c) A. 2BaC1,, (e) A. BaCl,. 


Thus the complexing 
capacity among these chlorides is in the order : Hg> Cu=Co=Ni> Cd> Ba. 


Among different metal nitrates, the complexing tendency is the same for each 
of the elements (Cu, Co, Ni, Mg) in their pairs and also the same for each of the 
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elements (Ca, Ba, Sr) in their pairs : (a) A. 4 B, (c) A. 2 B, (e) A. B, (g) 2 A. B and 
(h)4 A.B. Inthe pairs of copper, nickel, cobalt or magnesium nitrate (A) with 
either calcium, barium or strontium nitrate (B), complexing tendency of the former 
group is higher than that of the latter : (a) A. 4 B, (c) A. 2 B,(e) A.B and (g) 2 A.B; 
while cadmium nitrate has a greater complexing power as compared to 
either the copper or barium group (B): (a) Cd(NQ,).. 4B, (c) Cd (NO;),. 2 B, (e 
Cd(NQO3).. B and (g) 2Cd (NO,;),. B. Thus the complexing tendency among the 
metal nitrates is in the order: Cd > Cu=Co=Ni=Mg> Ca=Ba=Sr. 


CHEMISTRY DEPARTMENT 
M. T. B. COLLEGE, SURAT. 
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